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This study compared the physicochemical, shelf-life stability, fatty acid, volatile compound, as well 
as sensory profiles of meat from pure indigenous breeds (Pedi, n=8; Damara, n=10), indigenous 
composite breeds (Dorper, n=10; Meatmaster, n=9) and exotic composite breeds (Merino, n=10; 
Dohne Merino, n=10) fed under hot-dry feedlot conditions. Lambs were individually offered water 
and a pelleted total mixed ration (143.5 g crude protein (CP/kg DM and 10.29 MJ/ kg DM) for 42-
days. The left and right longissimus thoracis et lumborum muscles were sampled for meat quality 
analysis. The study revealed that Dohne Merino had the highest intramuscular fat while Damara and 
Pedi had the least (P ≤ 0.05). Meat lightness increased over time with Pedi having the highest values 
on day 7 of retail display followed by the Merinos (P ≤ 0.05). On day 7, meat from the Merinos had 
the highest lipid oxidation values while Damara and Pedi had the lowest values (P ≤ 0.05). The lowest 
meat protein oxidation values on day 7 were noted for the Meatmaster followed by Dohne Merino (P 
≤ 0.05). Rumenic acid (RA, c9,t11-18:2), linoleic acid (LA, 18:2n-6) and total omega (n)-6 
polyunsaturated fatty acids (PUFA) proportions were highest in the Meatmaster and Pedi compared 
to other breeds (P ≤ 0.05). Dohne Merino and Pedi had the greater (P ≤ 0.05) α- linolenic acid (ALA, 
18:3n-3), total n-3 PUFA and total PUFA than the other breeds. Regarding volatile compounds, 
Dohne Merino generally had the greatest concentrations of acids, alcohols and aldehydes, and lowest 
concentrations of esters (P ≤ 0.05). Dohne Merino and Merino had slightly (P ≤ 0.05) tender and 
juicier meat than Damara and Dorper. It was concluded that although pure indigenous breeds 
produced meat with comparable physicochemical, keeping and eating quality attributes to indigenous 
composite breeds and exotic composite breeds under hot-dry feedlot conditions, Pedi produced leaner 




Hierdie studie vergelyk die fisio-chemiese, rakleeftyd, vetsuur, vlugtige komponente en sensoriese profiel 
van vleis vanaf eg inheemse rasse (Pedi, n=8; Damara, n=10), inheems- geteelde rasse (Dorper, n=10; 
Meatmaster, n=9) en eksoties geteelde rasse (Merino, n=10; Dohne Merino, n=10) wat onder warm, droë 
voerkraal toestande gevoer is. Lammers is individueel water en gepilde voer (143.5g ruproteïen (CP/kg DM 
and 10.29 MJ/kg DM) gevoer vir ŉ periode van 42 dae. Die linker- en regter longissimus thoracis et lumborum 
spiere is vir vleiskwaliteit analises versamel. Die studie het gewys dat die Dohne Merino die hoogste 
intramuskulêre vet bevat terwyl Damara en Pedi die minste intramuskulêre vet bevat (P ≤ 0.05). Vleis ligtheid 
het toegeneem oor tyd, met die Pedi monsters wat die hoogste waardes gehad het op dag 7 van 
verkoopsvertoning, gevolg deur die Merino monsters (P ≤ 0.05). Op dag 7, het Merino vleismonsters die 
hoogste vet-oksidasie waardes gehad, terwyl die Damara en Pedi monsters die laagste waardes gehad het (P ≤ 
0.05). Die laagste proteïen-oksidasie waardes op dag 7 is waargeneem vir die Meatmaster monsters, gevolg 
deur die Dohne Merino monsters (P ≤ 0.05). Rumen suur (RA,c9, t11-18:2), linoleïse suur (LA, 18:2n-6) en 
totale omega (n)-6 poli-onversadigde vetsuur (PUFA) proporsies was die hoogste in die Meatmaster en Pedi 
monsters, in vergelyking met die ander rasse (P ≤ 0.05). Die Dohne Merino en Pedi monsters het groter (p ≤ 
0.05) α-linoleniese suur (ALA, 18:3n-3), totale n-3 PUFA en totale PUFA waardes as die ander rasse getoon. 
Die Pedi skaap het maerder vleis produseer met ŉ meer aanloklike vetsuur profiel, in vergelyking met die 
ander rasse. Vir die vlugtige komponente, het die Dohne Merino monsters oor die algemeen hoër konsentrasies 
van sure, alkohole en aldehiede en die laagste konsentrasies van esters (P ≤ 0.05) getoon. Die Dohne Merino 
en Merino monsters was effens (P ≤ 0.05) sagter en sappiger as die Damara en Dorper monsters. Die 
gevolgtrekking was dat alhoewel die eg inheemse rasse vleis van vergelykbare fisio-chemiese, 
bergingsmoontlikheid en eet-kwaliteit as die inheemse geteelde rasse en eksoties geteelde rasse onder 





I like to dedicate this research work to the Holy Spirit, my mysterious companion. 





Prof Cletos Mapiye (Supervisor), I appreciate you for leading me beyond my comfort zone and 
training me to achieve the unattainable. I am grateful for your support and infectious enthusiasm for 
Meat Science. Co-supervisors, Dr A. H. Molotsi and Dr C. L. F. Katiyatiya, thank you for your 
constant encouragement, mentorship, and welcoming smiles. Dr O. Chikwanha, thank you for your 
help, patience, and understanding throughout my dissertation. Dr Jeannine Marais, for her knowledge 
and assistance during the sensory analysis. Special thank you to all academic and technical staffs of 
the Department of Animal Sciences for academic and technical assistance when needed the most. My 
special gratitude to the postgraduate students in the Department of Animal Science and the 
Department of Food Science for their invaluable assistance during the physically rigorous trials of 
this study. Mr Lucky Mokwena of the Central Analytical Facilities (CAF), thank you for your 
assistance with the volatile compound and fatty acid analysis. The financial assistance of the funders 
(Water Research Commission (Grant: K5-2973) and the South African Research Chairs Initiative 
which is partly funded by the South African Department of Science and Technology (UID number: 
84633) as administered by the National Research Foundation of South Africa) is gratefully 
acknowledge. My brother, Prof B. J. Abiodun, as well as the rest of my family, thank you for instilling 
confidence in me, attending to my needs, wiping away my tears, and supporting me all through my 
studies. My husband, Dr O. Olagbegi and my children, Ifeoluwa, Feranmi, Imisioluwa and Busayomi, 
thank you for your never-ending love, support, tolerance, and encouragement to complete as I pursued 
my education. I appreciate you for the weekend assistance and for being willing to provide an 
emotional support. My Pastor, Dr O. Fatoba and his wife, Dr Abiodun Fatoba, thank you for all of 
your kind words, encouragement, and well-wishes. Finally, I thank my Heavenly Father for inspiring 
a desire to learn and empowering me with the necessary abilities and drive to finish the course. 







This thesis is presented in the format prescribed by the Department of Animal Sciences at the 
Stellenbosch University. The language, writing style and references are in accordance to the 
requirements of the Department of Animal Sciences at Stellenbosch University. Each chapter was 
written as an individual entity and some repetitions under Materials and Methods and References 


























Table of Contents 
“Abstract.............................................................................................................................. ..............iii 
Opsomming ............................................................................................................................................. iv 
Dedication .................................................................................................. Error! Bookmark not defined. 
Acknowledgements ................................................................................................................................ vi 
Notes ………………………………………………………………………..................................................vi 
Table of Contents ................................................................................................................................. viii 
List of Tables........................................................................................................................................... xi 
List of Figures ........................................................................................................................................ xii 
List of Abbreviations ........................................................................................................................... xiii 
Chapter 1: General Introduction ......................................................................................................... 1 
1.1 Background ............................................................................................................................... 1 
1.2 Justification ............................................................................................................................... 3 
1.3 Objectives ................................................................................................................................. 3 
1.4 Null hypotheses ......................................................................................................................... 3 
1.5 References................................................................................................................................. 4 
Chapter 2: Literature review ................................................................................................................ 6 
2.1 Introduction ............................................................................................................................... 6 
2.2 The South African sheep meat industry ..................................................................................... 7 
2.3 Environmental factors influencing sheep meat quality ............................................................. 10 
2.3.1 Heat stress ............................................................................................................................ 11 
2.3.2 Nutritional stress .................................................................................................................. 12 
2.3.3 Water stress .......................................................................................................................... 13 
2.4 South African sheep meat breeds ............................................................................................. 14 
2.5 Meat quality of sheep breeds raised in the dryland areas of South Africa ................................. 16 
2.5.1 Meat physicochemical attributes ........................................................................................... 16 
2.5.2 Shelf-life .............................................................................................................................. 18 
2.5.3 Fatty acids composition and volatile compounds .................................................................. 20 
2.5.4 Sensory attributes ................................................................................................................. 21 
2.6 Use of adapted sheep breeds as potential coping strategy to environmental     challenges......... 22 
2.8 Summary ................................................................................................................................. 23 
2.9 References............................................................................................................................... 23 
Chapter 3: Comparison of the physicochemical properties and shelf-life of the meat from six 




Abstract ........................................................................................................................................ 31 
3.1 Introduction ............................................................................................................................. 32 
3.2 Materials and Methods .............................................................. Error! Bookmark not defined. 
3.2.1 Ethical approval and study site ............................................................................................. 32 
3.2.2 Experimental design and animal management ...................................................................... 33 
3.2.3 Feed chemical analyses ........................................................................................................ 33 
3.2.4 Water intake, growth and meat quality trial .......................................................................... 34 
3.2.5 Income over feed costs ......................................................................................................... 35 
3.2.6 Slaughter procedures, carcass measurements and meat sampling .......................................... 35 
3.2.7 Meat proximate composition ................................................................................................ 36 
3.2.8 Cooking loss and shear force ................................................................................................ 36 
3.2.9 Meat shelf-life analyses ........................................................................................................ 37 
3.2.10 Statistical analyses .............................................................................................................. 39 
3.3 Results .................................................................................................................................... 39 
3.3.1 Temperature-humidity index (THI) and potential animal heat stress ..................................... 39 
3.3.2 Economic comparison of six South African sheep breeds ..................................................... 42 
3.3.2 Effect of breed on physicochemical properties of six South African lamb meat .................... 44 
3.3.3 Effect of breed on antioxidant and colour shelf-life of six South African lamb meat ............. 46 
3.3.4 Effect of breed on lipid and protein oxidation of six South African lamb meat ...................... 48 
3.4 Discussion ............................................................................................................................... 50 
3.5 Conclusion .............................................................................................................................. 54 
3.6 References............................................................................................................................... 54 
Chapter 4: Fatty acid content, volatile compounds, and sensory quality of selected South 
African sheep me…… ..........................................................................................................58 
Abstract 58 
4.1 Introduction ............................................................................................................................. 59 
4.2 Materials and Methods ............................................................................................................ 61 
4.2.1 Study site and ethical approval ............................................................................................. 61 
4.2.2 Experimental design and animal management ...................................................................... 61 
4.2.3. Slaughter procedures ........................................................................................................... 61 
4.2.4. Meat sampling ..................................................................................................................... 61 
4.2.5 Analysis of intramuscular fatty acids composition ................................................................ 61 
4.2.6 Analysis of volatile compounds using SPME-GC-MS .......................................................... 62 
4.2.7 Descriptive sensory analyses ................................................................................................ 64 




4.3 Results .................................................................................................................................... 68 
4.3.1 Effect of breed on fatty acids in six South African lamb meat .............................................. 68 
4.3.2 Effect of breed on volatile compounds in six South African lamb meat................................. 71 
4.3.3 Effect of breed on sensory quality of six South African lamb meat ....................................... 71 
4.6 Discussion ............................................................................................................................... 76 
4.7 Conclusions ............................................................................................................................. 79 
4.8 References............................................................................................................................... 80 
Chapter 5: General discussion, conclusions and recommendations ..............................................85 
5.1 General discussion .................................................................................................................. 85 
5.2 General conclusions ................................................................................................................ 87 
5.3 Recommendations ................................................................................................................... 87 
5.4 Future research ........................................................................................................................ 88 
























List of Tables 
“Table 2.1: A summary of functions, adaptive characteristics and origin of some sheep breeds in 
South Africa .................................................................................................................. 15 
Table 3.1: Chemical composition of feed used.............................................................................. 35 
Table 3.2: Temperature, Relative Humidity (RH) and Temperature Humidity Index (THI) of the 
experimental animal house ............................................................................................ 41 
Table 3.3: Growth performance and carcass attributes of six South African sheep breeds………..42 
Table 3.4: Proportion of different carcass age and fatness classes of six South African sheep 
breeds…………………………………………………………………………….............43 
Table 3.5: Income over feed cost of six South African lamb meat…………………………………44 
Table 3.6: Effect of breed on the physicochemical quality of six South African lamb meat ........... 45 
Table 3.7: Effect of breed, day and breed × day interaction of antioxidant activity and colour of six 
South African lamb meat ............................................................................................... 48 
Table 3.8: Effect of breed, day and breed × day interaction on the lipid and protein oxidation of six 
South African lamb meat ............................................................................................... 50 
Table 4.1: Reference standards, definitions and scales of final aroma, flavour and textural attributes 
used in Descriptive Sensory Analysis of South African lamb meat ................................ 67 
Table 4.2: Effect of breed on fatty acid profile of six South African lamb meat ............................ 70 
Table 4.3: Effect of breed on volatile compounds (µg/ kg) of six South African lamb meat .......... 73 
Table 4.4: Effect of breed on the sensory quality of six South African lamb meat………………..75” 
Stellenbosch University https://scholar.sun.ac.za
xii 
List of Figures 
Figure 2.1: Sheep production trend from 1996 to 2019…………………………………..................8 
Figure 2.2: Sheep meat production, consumption and imports. ....................................................... 9 




List of Abbreviations 
“a* redness  
ACU Animal Ethics Committee 
ADG average daily gain  
ADL acid detergent lignin  
amp ampere 
AMSA  American Meat Science Association 
aNDFom neutral detergent fibre                                                
AOAC Association of Official Analytical Chemists 
b* yellowness  
BFAP Bureau for Food and Agricultural Policy 
C* chroma  
CLA conjugated linoleic acid 
CL cooking loss  
cm  centimetres  
cm3/ m2 cubic centimetres per square metre 
COVID-19 Coronavirus Disease 2019 
CP crude protein 
DAFF Department of Agriculture Forestry and Fisheries 
DALRRD Department of Agriculture, Land Reform and Rural Development 
DB dry bulb 
DFD dark, firm and dry 
DM dry matter 
DMI dry matter intake   
DNPH dinitrophenyl hydrazine  
EE ether extract  
FAO Food and Agriculture Organisation 
Fe2+ eq ferrous sulphate equivalent 
FRAP ferric reducing antioxidant  
g grams 
g/ cm2 grams per square centimetre 
g/kg grams per kilogram 
h hours 
 H* hue angle  
IMF intramuscular fat  
kg Kilogram 
L litres 
L* lightness   
LL longissimus lumborum  
LT longissimus lumborum thoracis  
LTL longissimus thoracis et lumborum  
M Molar  
MDA malondialdehyde 
mg milligrams 
min minutes  




MUFA monounsaturated fatty acids 




NFC non-fibre carbohydrates  
nm nanometre 
nmol nanomolar 
OECD Organisation for Economic Co-operation and Development 
pH potential of hydrogen 
pHu ultimate pH 
PUFA polyunsaturated fatty acids 
RH relative humidity 
rpm revolutions per minute  
s seconds 
SAMIC South African Meat Industry Company 
SAMM South African Mutton Merino 
SFA saturated fatty acids 
SU Stellenbosch University 
tan−1 arc tangent 
TBARS thiobarbituric acid reactive substances 
TNZ thermoneutral zone 
THI temperature-humidity index 
UFA unsaturated fatty acids 
V volts 
WBSF Warner-Bratzler Shear Force 





Chapter 1: General Introduction 
1.1 Background 
Sheep are a key source of food and income, particularly for producers in the arid and semi-
arid area of South Africa (Akinmoladun et al., 2019; Molotsi et al., 2020). Currently, the national 
sheep flock stands at about 22.2 million, which is 10% less compared to ten years ago (Department 
of Agriculture Forestry and Fisheries (DAFF), 2019). The decline in sheep numbers has mainly been 
attributed to water scarcity, thefts and predators (DAFF, 2019; Terblanche, 2020; Marandure et al., 
2021; Chikwanha et al., 2021). Prolonged water scarcity consequently reduces availability and intake 
of drinking water resources for sheep (Nardone et al., 2010; Adeniji et al., 2020). Inadequate drinking 
water intake triggers decreases in sheep immune function, growth, and reproductive rates, and make 
the meat darker, dry and less tender (Gregory, 2010; Jaber et al., 2013; Chedid et al., 2014). In 
response to these effects, numerous local adaptation and mitigation techniques have been established, 
ranging from water, feed, and livestock management to human resource capacitation. (Chikwanha et 
al., 2021). Increased utilisation of locally adapted indigenous sheep genetic resources is one of the 
available water scarcity mitigation strategies that hold the most potential (Food and Agriculture 
Organisation (FAO), 2007).  
Meat production potential of a sheep is predetermined by its genetics that interacts with 
environmental factors, particularly nutrition to reach full potential (Gebreselassie et al., 2020; Zhang 
et al., 2013). While each sheep's genetic composition is unique, many essential meat production and 
quality attributes are similar across breeds and lineages (Hopkins et al., 2011; De Lima Jùnior et al., 
2016). In that regard, diverse sheep breeds possess different adaptive traits to variable environmental 
and management conditions (Hopkins et al., 2011; Molotsi et al., 2020). In hot, dry environmental 
condition, where desert communities raised sheep for a living, heat and drought are the major factors 
influencing sheep production, and these are projected to continue for the next 50 years (Gaughan, 




heat stress has great potential to optimise meat production and quality in regions with water scarcity 
(Chedid et al., 2014; Gaughan et al., 2019; Chikwanha et al., 2021). This could also reduce water-
associated production costs and promote commercialisation of the neglected and underutilised 
indigenous sheep breeds.  
South Africa has about 23 known sheep breeds which include Dohne Merino, Dorper, South 
African Mutton Merino (SAMM) and Meatmaster) as common composite breeds, Damara and 
Blackhead Persian as dominant pure indigenous breeds, and popular exotic breeds being Merino and 
Ile de France (Cloete & Olivier, 2010; Molotsi et al., 2020). Overall, different breeds respond to 
limited drinking water availability in different ways, with indigenous breeds performing better in 
local environments compared to exotic breeds (Hussein et al., 2020; Chikwanha et al., 2021). For 
example, Damara and Blackhead Persian have been reported to have lower water requirements and 
comparable meat production and quality attributes compared to composite and exotic breeds 
(Schoeman & Visser, 1995a, 1995b; Cloete & Olivier, 2010; Almeida et al., 2013).  
Mupfiga (2021) compared water requirements, growth, and carcass attributes of pure 
indigenous breeds (Pedi and Damara), indigenous composite breeds (Dorper and Meatmaster) and 
exotic composite breeds (Merino and Dohne Merino). It was found that Pedi and Damara were the 
most water and feed efficient breeds but had inferior growth and carcass attributes and economic 
returns than the Merinos. However, Meatmaster and Dorper had better water intake to weight gain 
ratios, comparable growth and carcass attributes, and somewhat lower economic returns than Dohne 
Merino. Wilkes et al., (2012) showed that Damara had similar ad labium feed consumption as 
Merinos on low-quality diet, but Damaras had a 10% higher digestion of feed dry matter and energy 
than Merinos. In addition, Burger (2015) reported that Namaqua Afrikaner had comparable meat 
quality to that of Dorper and SAMM. Physicochemical meat quality attributes of Dorper, Damara, 
Merino, Dohne Merino and Meatmaster have been also investigated (Tshabalala et al., 2003; van der   
Merwe et al., 2020). However, there are limited comparative studies on meat fatty acids, volatile 




conditions. Direct comparisons among South African sheep breeds under hot-dry feedlot conditions 
are, therefore, warranted. 
 
1.2 Justification 
There is limited comparable information available on fatty acid profiles and volatiles 
compounds in meat from common South African sheep breeds. Use of sheep breeds that drink less 
water and maintain or enhance meat production and quality could be the way forward for managing 
growing trends of water scarcity in South Africa. This is essential because future markets will value 
animal products with a low water footprint, providing consumers a competitive edge above others 
with a large water footprint (Mekonnen & Hoekstra, 2012). Production of sheep meat with desirable 
fatty acids and eating qualities under limiting environmental conditions will particularly benefit the 
increasing population of health-conscious consumers in South Africa (Vermeulen et al., 2015; 
Schönfeldt et al., 2016).  
 
1.3 Objectives 
The main objective of the current study was to compare meat quality attributes of pure 
indigenous breeds (Pedi and Damara), indigenous composite breeds (Dorper and Meatmaster) and 
exotic composite breeds (Merino and Dohne Merino) under feedlot conditions. The specific 
objectives were to: 
i. Compare physicochemical and shelf-life of meat from selected South African sheep breeds 
and; 
ii. Evaluate meat fatty acids, volatile compounds, and sensory profiles of selected South African 
sheep breeds. 
 
1.4 Null hypotheses 




i. South African sheep breeds have comparable meat physicochemical and shelf-life and;  
ii. Meat fatty acids, volatile compounds, and sensory profiles of selected South African sheep 
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Chapter 2: Literature review 
2.1 Introduction 
Sheep meat has valuable nutrients (i.e., protein, energy, vitamin and minerals) that contribute 
to human nutrition (Schönfeldt & Hall, 2012). It is one of the major foods enriched with health 
promoting fatty acids for human consumption (Chikwanha et al., 2018). In comparison to other 
ruminant meats such as beef and veal, lamb contains the highest concentration of conjugated linoleic 
acid (CLA), a fatty acid with numerous potential health advantages for cancer, heart disease, and 
diabetes. (Vahmani et al., 2020). However, sheep farming is facing many challenges such as, limited 
feed and water availability, diseases and parasites, theft and predators, and thermal stress, which 
affect meat production and quality (Silanikove, 2000; Jaber et al., 2013; Mthi & Nyangiwe 2018; 
Akinmoladun et al., 2019; Terblanche, 2020; Marandure et al., 2021). 
Sheep breed, genetics, environment, age, sex, and slaughter weight all have influence on the 
quality of the meat prior to slaughtering (Jacob et al., 2007; Tejeda et al., 2008; Zhang et al., 2020b). 
Gender, muscle type, and the individual animal are examples of genetic variables, whereas 
environmental factors include nutrition and animal feed, as well as water availability. Some breeds 
of sheep, such as Dohne Merino and Merino are considered intermediate-maturing breeds, whereas 
some such as SAMM and Damara are considered late-maturing (Cloete et al., 2012). The fat growth 
potentials of early and intermediate-maturing breeds are higher than the fat growth potential of late-
maturing breed (Cloete et al., 2012). For example, Dormer sheep are projected to gain weight earlier 
than SAMM sheep (Cloete et al., 2004). Environmental impacts, such as water scarcity combined 
with heat stress, induce behavioral and physiological changes in the animal, hence reducing its meat 
yield. (Alamer, 2009; Nejad & Sung, 2017; Akinmoladun et al., 2019). In order to minimize rumen 
heat, sheep which are stressed by water or heat reduce their feed intake or eat more often and shorter 
feed (Jaber et al., 2013. Dehydration causes both dry feces and reduced urine flow in sheep (Chedid 
et al., 2014; Nejad et al., 2014). Muscle glycogen depletion occurs as a result of water stress, resulting 




reduced the hot carcass weight of sheep by 4%. (dos Santos et al., 2019). A high salt content in urine 
was shown to produce meat stickiness after a 48-hour of water deprivation (Gregory et al., 2000). 
However, the positive physiological changes to water stress up to 48 hours show that some sheep 
breed are able to sustain water stress (Parker et al., 2003; Parrott et al., 1996). 
Resilience of sheep to water stress varies among breeds and individual animal within breed 
(Hussein et al., 2020; Chikwanha et al., 2021). In dry and semi-arid regions, indigenous sheep breeds 
outperform their exotic counterpart’s breeds in severe climatic conditions. (Schoeman & Visser, 
1995a, 1995b; Cloete & Olivier, 2010; Almeida et al., 2013). One strategy to promote meat 
production quality is to identify and use the most adapted breeds. This approach can potentially 
produce animals that drink less water during times of water shortages. Overall, there are few studies 
that have comprehensively evaluated meat quality of indigenous sheep breeds (Tshabalala et al., 
2003; Burger, 2015). Determining the meat quality features of lambs from indigenous breeds under 
hot, dry feedlot settings may contribute to their consumer acceptance. Overall, use of adapted sheep 
breeds in dry regions have a potential of promoting sustainable animal production under an 
increasingly water stressful environment. Therefore, the aim of this chapter was to review the meat 
production and quality of South African sheep breeds. 
2.2 The South African sheep meat industry  
In South Africa, sheep meat production has been on a decline over the past decades and this 
is mainly attributed to severe droughts events, which prompted sheep producers to decrease their 
flock numbers (DAFF, 2019). Figure 2.1 shows the sheep production trends in South Africa from 
1996 to 2019. The national sheep population declined by 24 percent over this time period. Over the 
past few years, the total population of sheep has decreased by 9.8%, to 22.18 million in 2019 (AMT 





Figure 2.1: Sheep production trend from 1996 to 2019. 
Source: (Department of Agriculture, Land Reform and Rural Development (DALRRD), 2020). 
 
 
Northern, Eastern and Western Cape provinces, as well as the provinces of Free State and 
Mpumalanga, are major producers of sheep meat in South Africa (DAFF, 2018). Free State accounts 
for around 20% of the overall sheep population, while the Eastern Cape has the highest sheep 
slaughter rates. Eastern Cape is the major retailer of sheep meat, accounting for 30% of all sheep meat 
produced locally (DAFF, 2018). Sheep slaughter numbers increased between 2013 and 2015 because 
of emergency slaughtering during the drought. In 2019, slaughtered sheep totalled 1.24 million less 
than in 2015 and roughly 720,000 less than in 2013, prior to the drought's onset (Maré, 2020). Overall, 
1.3% annual decline in sheep production has been projected over the next ten years (Figure 2.2). The 
reduction in sheep numbers subsequently reduces the number of sheep available for slaughter and 
meat output, which consequently increases the price of lamb. According to the OECD-FAO (2020) 
study, the general effect of the COVID-19 epidemic and consequent prevention strategies reduced 






Figure 2.2: Sheep meat production, consumption, and imports.  
Source: (BFAP, 2020). 
  
It is estimated that South Africans on average consume 3.6 kg of lamb and mutton annually, 
which is comparatively low in comparison to beef and chicken (Figure 2.3). Annual per capita 
consumption of sheep meat decreased from 6.3 kg in 1980/81 to 3.2 kg in 2018/19, an almost 50% 
decrease, which could be attributed to changing living standards, diets, animal output, and costs 
(OECD-FAO, 2020).The Western Cape Province has the highest consumption rate (29.9%) of sheep 
meat in South Africa (Samraa et al., 2007). In 2020, there was a sharp decline in meat consumption 
levels, which are projected to recover steadily over the 10-year periods (BFAP, 2020). The sharp 
decline was due to a prolonged impact of the measures imposed to curb COVID-19 including 
restricted movement and curfew. However, South Africa is among the few nations worldwide wherein 
lamb and mutton are considered delicious, and people are ready to pay a premium for them (Theodora, 
2012). But recently, consumers have become health conscious, with much preference on red meat's 




lean meat is believed to be superior (Li et al., 2005), which may impact consumers' willingness to 
purchase, but this merits further investigation. 
 
 
Figure 2.3: Per capita consumption of meat in South Africa from 1980/81 to 2018/19.  
Source: (DAFF, 2019). 
 
2.3 Environmental factors influencing sheep meat quality  
The quality of sheep meat is influenced by a wide range of environmental conditions. 
Physiological homeostasis of sheep is significantly impacted by heat stress, poor fodder availability, 
and inadequate water intake, all of which have a detrimental impact on meat production and quality 
(Chedid et al., 2014). Stressed animals, on the whole, consume less water and feed, and their 
productivity and quality are lower than expected (Descheemaeker et al., 2010). Descheemaeker et al. 
(2010) argued that the selection, breeding, and adoption of livestock that are well-suited to numerous 
stresses could have a significant impact on water and ecological footprints, while sustaining 




2.3.1 Heat stress 
In animals, heat stress arises when a number of environmental factors including air 
temperature, relative humidity, air movement, and solar radiation causes the optimum temperature of 
their surroundings to rise over the temperature of their thermoneutral zone (TNZ). At the TNZ, the 
environmental temperature is suitable for the animal, and no additional energy is required to keep the 
animal's body temperature at a comfortable level (Daramola et al., 2012; Zhang et al., 2020a). It is 
possible to measure the intensity of heat stress in sheep by calculating the temperature–humidity 
index (THI), which is based on dry bulb temperature (DB °C) and relative humidity (RH %). In 
accordance with Marai et al., (2007), the THI equation for sheep is: THI = DB°C (0.31–0.31 RH) 
(DB °C 14.4); whereby, THI less than 22.2 °C is classified as thermoneutral, 22.2 to 23.3 °C and 23.3 
to 25.6oC are classified as moderate and severe heat stress, respectively, while extreme heat stress 
occurs above 25.6 °C (Marai et al., 2007; Zhang et al., 2020a). 
Heat stressed sheep often struggle to dissipate body heat. If this occurs prior to slaughter, the 
post-mortem pH decrease is seriously affected due of glycogen depletion. Depletion of glycogen pre-
slaughter, and the subsequent alteration of the biochemical and histochemical characteristics of 
muscle tissue post-mortem leads to darker meat (Xing et al., 2019). Higher temperatures in the 
environment cause sheep meat to have a lower lightness and a higher pH value in the final product 
(Zhang et al., 2020b). Meat that has high pHu is usually considered dark, firm and dry (DFD) 
(Gregory, 2010). But there is no universally accepted pH measure or color threshold for defining 
dark-cutting across nations, it is generally within the pH range of 5.7 to 6.0 (Ponnampalam et al., 
2017). Muscle glycogen depletion is the primary cause of DFD meat, which can be triggered some 
of the possible causes, including; nutrition, breed, management, environment, human handling, or 
housing (Ponnampalam et al., 2020). A significant factor is the pH of fresh meat in colour 
development by influencing consumption of oxygen and lowering activity of myoglobin (Zhang et 




however, overall effects of meat wastage on agriculture sustainability and the environment are yet to 
be quantified (Suman & Joseph, 2013).  
Low lightness (L*) values found in meat with high pHu, could also be related to the decline in 
the meat's tendency to reflect light as a result of post-mortem myofibril and muscle cell shrinkage 
(Hughes et al., 2018; Gonzalez-Rivas et al., 2020). Previous studies reported that summers with high 
temperatures have a higher rate of DFD occurrences than winters with low temperatures. (Kadim et 
al., 2004; Kadim et al., 2008; Węglarz, 2010; McPhail et al., 2014; Gonzalez-Rivas et al., 2020). The 
extent to which heat stress affects the sheep in hot summer may also vary, based on the degree of the 
heat stress which tends to be subject to the daily ambient temperature, relative humidity, and time of 
exposure (Zhang et al., 2020a; Zhang et al., 2021a). 
 
2.3.2 Nutritional stress  
In dry and semi-arid environments, the primary restrictions on sheep productivity and meat 
quality are dietary constraint and seasonally loss of weight, due to periodic lack of fodder in regards 
to the amount and quality (Almeida et al., 2013). When the climatic conditions are hot and dry, 
nutritive value of pastures and daily feed consumption declines. This further affects body weight 
gains, body conditions and finishing of lambs to desired market weights resulting in reduced carcass 
yields and meat quality (Ponnampalam et al., 2019). Devine & Chrystall (1989) and McPhail et al. 
(2014) reported greater incidence of DFD meat in lambs finished on pasture in the autumn than those 
finished on pasture in the spring owing to differences in the nutritional quality (i.e., digestibility, 
protein and dry matter content) of the pastures between the two seasons. The report from Hopkins et 
al. (2005b) showed that lambs fed on a high nutritional plane had a decreased pHu as well as a lighter 
meat color. 
Sheep finished on low-energy forage are more likely to produce DFD meat due to reduced 
glycogen content (Ponnampalam et al., 2017; Chauhan et al., 2019). Grazing sheep with high forage 




the animal resulting in lower carcass weight when compared with animals fed with diet rich in protein 
and energy. The amount of fat in the muscle, the rate at which glycogen is depleted from muscle 
during transport and slaughter, and the rate of muscle cooling post-slaughter are all regulated by the 
nutrition of the animal (Ponnampalam et al., 2017). Research from McGilcrist et al. (2012) showed 
that ruminants on a high-energy diet had higher growth rates and a reduced DFD predominance as a 
result of elevated glycogen levels. This shows that animals need to be fed on a high nutritional level, 
particularly during the final stages of their lives, to limit the risk of DFD meat contamination. Overall, 
sheep can adapt to nutritional stress and avoid losing weight up to a certain level. There is evidence 
for this in the research of Scanlon et al (2013), who observed that the Dorper, Damara, and Merino 
sheep breeds produced in Australia adapted to nutritionally difficult periods, despite down-regulating 
their metabolism for survival. This will have possible influence on meat quality and acceptance by 
consumers (Almeida et al., 2013), therefore, further investigations are warranted. 
 
2.3.3 Water stress 
The influence of water consumption on both the yield and quality of sheep meat are scarce as 
few studies evaluated the sheep meat quality attributes after subjecting them to water deprivation. 
The limited studies regarding water stress have showed that meat with a high pHu and DFD can occur 
from dehydrating lambs (Jacob et al., 2006; Dos Santos et al., 2019). Some of this could be explained 
by a drop in muscle glycogen levels, which occurs mostly in stressed animals, often detected by the 
high pHu, dark-colour and less tender meat (Gregory, 2010). Dos Santos et al. (2019) reported tougher 
meat when the lambs were deprived of water for three days, which was attributed to the reduced 
proteolytic activity at post-mortem as a result of pre-slaughter stress. Jacob et al. (2006) found that 
the semitendinosus muscle contained significantly less relative water content than of 
semimembranosus and longissimus thoracis et lumborum muscles following a 48-hour water 
deprivation period. This suggests that semitendinosus appears to have a lower proportion of type I 




water intake reduced the activities of microbes responsible for the ability of rumen to synthesize fatty 
acids (Dos Santos et al., 2019).” More research to validate these claims are required to verify overall 
consequences for the reduced water intake on the quality of sheep meat. 
 
2.4 South African sheep meat breeds  
In South Africa sheep raised by commercial and smallholder farmers can be classified as 
exotic, indigenous or composite breeds (Cloete & Olivier, 2010). Exotic South African sheep breeds 
contribute significantly to the country's wool and meat industries (Molotsi et al., 2017). The fat-tailed 
and fat-rumped indigenous breeds are common in the arid and semi-arid areas (Wilson, 2011; 
Mohapatra & Shinde 2018). “In South Africa, local sheep breeds including the Damara and the 
Namaqua Afrikaner (Cloete et al., 2013), which are both early maturing and late maturing 
respectively, exceed exotic breeds on physiological measures like survival and tick tolerance (Molotsi 
et al., 2017). 
Composite breeds are developed from two or more breeds. For example, the late maturing 
SAMM and the intermediate maturing Dohne Merino are dual purpose breeds derived and developed 
from the German Mutton Merino (Cloete et al., 2001). The Dorper, a mutton breed descended from 
the Dorset Horn and Blackhead Persian, is an early maturing, resilient, and adaptable breed. (Cloete 
et al., 2000). The Meatmaster, a composite, early maturing breed was developed from the combination 
of four breeds (i.e., the indigenous Damara breed as the maternal ancestor, Mutton Merino, Dorper 
and Ile De France) and it is adapted to harsh climatic conditions (Peters et al., 2010). A summary of 








Table 2.1: A summary of functions, adaptive characteristics and origin of some sheep breeds in South Africa 
Breed Function Adaptive characteristics Origin References 
Blackhead Persian Meat production 
Fat rump  
Coat: Short white lime-like kemp and short shiny black 
hair on the head 
Indigenous Snyman, (2014a) 
Damara  Meat production 
Fat-tailed.  
Coat: Short predominantly brown or white hair, which is 
much thicker during winter than summer 
Indigenous Coleman, (2018) 
Dorper Meat production 
Size: Medium 
Coat: White sheep with black confined to the head and 
neck 
Black spots on the body and legs on rare cases 
Composite 
(Dorset Horn (50%) and Black head 
Persian (50%)) 
Milne, (2000) 
Dohne Merino Meat and wool production 
Size: Large 
Coat: soft cream-colored hair 
Composite (German Mutton Merino, 
South African Merino) 
Snyman, (2014b) 
Dormer Meat and wool production 
Size: Large 
Coat: White wool, free of kemp and colored fibre and soft 
white covering over the ears and the face 
Composite (Dorset Horn (50%), German 
Mutton Merino (50%)) 
Snyman, (2014c) 
Ile de France Meat and wool Production 
Standing out tail root 
Size: Large, deep, wide, well fleshed and balanced body 
build 
Coat: Strong white wool, free of kemp and colored fibre 
Exotic Snyman, (2014d) 
Merino Land sheep Meat and wool production 
Fat rump 
Size: Medium 
Coat: Strong white wool with a length of 75 mm plus. 
Exotic Cloete & Olivier. (2010) 
Meatmaster Meat production 
Wedge-shape or uniformly thin tail  
Coat: short, glossy hair with an underneath blanket of 
smooth fine wool. 
Composite 
(Damara, Dorper, Ile de France, Van 
Rooy) 
Dean, (2019) 
Namaqua Afrikaner Meat production 
Corkscrew-tailed, white coat with black or brown head, 
long legged 
Indigenous Snyman, (2014e) 
South African Mutton Merino Meat and wool production 
Size: Large 
Coat: White wool free of kemp and colored fibre  
Composite 
(German Mutton Merino, Merino) 
 
Snyman, (2014f) 
Van Rooy  
Fat rumped.  
Coat: white wool and bristly hair with pigmented skin  
Composite 
(Blackhead Persian, Rambouillet, 
Ronderib Afrikaner) 
Snyman, (2014g) 
Zulu (Nguni) Meat production 
Thin /fat tail 
Coat: Wool or hair, multicolour but rusty brown to pitch 
black, variations are common,  
Small mouse ears  
Indigenous Kunene et al (2007) 
Pedi   
   
Meat production 
Wedged shaped Fat-tail that is broad at the base and 
narrows carrot-like to the tip 
Hair type, polled and small framed sheep 
Coat colour is predominantly white with a red-brown head. 
Indigenous  Snyman, (2014h) 
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2.5 Meat quality of sheep breeds raised in the dryland areas of South Africa 
2.5.1 Meat physicochemical attributes  
“The post-mortem decrease in muscle pH has strong influence on the physical and chemical 
quality of meat which include; moisture content, lightness and consistency of colour, tenderness, 
retail display, and processing yield (Shange et al., 2018; Neethling, 2016). Higher pH makes the meat 
darker and undesirable to the consumer, while lower values (i.e., below 5.3) produce pale, soft, and 
exudative (PSE) meat (Muchenje et al., 2008). Several authors have reported higher muscle ultimate 
pH for exotic breeds like Merino (Hopkins and Fogarty, 1998; Gardner et al., 1999; Fogarty et al., 
2000; Hopkins et al., 2007). Larger amount of muscle glycogen is lost when Merino is placed under 
high stress pre-slaughter conditions, which results in them having a higher pH (Gardner et al., 1999). 
But with minimal pre-slaughter stress, Merinos can produce meat with a comparable pHu to that of 
other breeds of sheep (Hopkins et al., 2005b). Similar reports were also observed for Dohne Merino 
when compared with other breeds (Cloete et al., 2012).” 
No meat colour differences were observed for the Merino, Dohne Merino and SAMM except 
L* which was higher in the Merino (Cloete et al., 2012). However, darker meat and less acceptable 
colour were reported for the Dorper when compared to Merino (Stempa & Bradley, 2020). This may 
be attributed to the lower glycogen levels in Dorper, which resulted in meat with a higher pHu and 
DFD than the Merino breed (Webb & Erasmus, 2013; Stempa & Bradley, 2020). The Merino may 
have responded more positively to stress than the Dorper, which may have been less ability to manage 
pre-slaughter stress.  
The pHu of meat from nutritionally stressed fat-tailed Damara (5.83) was found to be lower 
than the Dorper (5.96). This demonstrates the fat-tailed breed's ability to resist nutritional stress by 
compensating fat accumulated in the tail (Almeida et al., 2013). Contrarily, a higher pHu was reported 
for meat from Namaqua Afrikaner when compared with the Dorper. This is most likely due to the 
breed's temperament, as Namaqua Afrikaners are considered to be more flighty and "wild" (Burger, 
2015). Glycogen depletion is increased in animals with a flighty behaviour (Priolo et al., 2001; 
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Honikel, 2004). A higher pHu will not only give meat its darker colour but will also results in greater 
capacity to hold water and less cooking loss. Studies showed that there were no breed differences on 
comparison of the cooking loss percentage of lamb meat (Esenbuga et al., 2009; Yousefi et al., 2012; 
Van der Merwe et al., 2020). On the contrary, differences were recorded in the cooking loss when 
fat-tailed Dormer lambs were compared with Dorper, Dohne Merino, and SAMM lambs (Van der 
Merwe et al., 2020). Likewise, differences were observed between the Blackhead Persian and SAMM 
(Chulayo & Muchenje, 2013). Intramuscular fat (IMF) surrounding myofibrillar fibers has been 
reported to act as a water retention buffer, both from dripping and cooking (Yousefi et al., 2012). The 
IMF has also been suggested to cause the differences in tenderness of the longissimus lumborum 
muscle (Schönfeldt, 1993; Warriss, 2000). According to several authors that conducted research on 
Dorper, SAMM, and their respective crossbred descendants, different levels of tenderness were 
discovered in the meat (Hoffman et al., 2003; Cloete et al., 2012). 
“The tenderness of meat from SAMM, Merino and Dohne Merino was found to be similar 
(Cloete et al., 2012), while differences were found for indigenous breeds, like Damara and Blackhead 
Persian. Namaqua Afrikaner when compared to mutton from Dorper, SAMM and Dohne Merino 
(Chulayo & Muchenje, 2013; Vander Merwe et al., 2020). Higher shear force was recorded in 
Namaqua Afrikaner when compared to Merino and Dorper. Calpastatin levels in the animal may be 
responsible for this. When calpastatin is higher in animals, post-mortem muscle decomposition is 
reduced, resulting in a tougher meat. (Koohmaraie, 1996; Gil et al., 2001). Likewise, higher 
percentage of IMF in the muscle of Merino may reduce the shear force values. This suggests that the 
structure of the perimysial collagen fibres could be weakened by IMF and consequently, reduce the 
shear force (Schönfeldt, 1993; Warriss, 2000). It was discovered that there is an inverse link for both 
the IMF composition and the moisture content of the meat. An increase in muscle IMF composition 
usually coincides with a decrease in muscle water content (Strasburg et al., 2008). A negative 
correlation was found between the meat's moisture content and its protein content, while a relatively 
positive correlation was discovered between the protein content and its IMF content. However, further 
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investigation of physicochemical quality attributes of sheep breeds raised under hot-dry feedlot 
conditions is necessary.” 
 
2.5.2 Shelf-life 
2.5.2.1 Antioxidant activities  
Many factors are responsible for the ability of meat to withstand oxidation, including the ratio 
of antioxidant and pro-oxidant substances present in muscle (Descalzo & Sancho, 2008). High levels 
of polyunsaturated fatty acids (PUFA) can contribute to oxidative damage (Morrissey et al., 1998). 
However, natural antioxidants (e.g., vitamin E) in meat can delay or inhibit the oxidative processes, 
even at low concentration (Álvarez et al., 2009). De La Fuente et al. (2007) reported that vitamin E 
improves the stability of lipids and colour in lamb meat. “Recent studies on ruminant animals have 
examined the influence of breed on antioxidant activity of red meat. In comparison to Charolais and 
Simmental cattle breed animals, Limousin cattle breed animals have higher intrinsic antioxidative 
defense mechanisms (Skaperda et al., 2021). Similarly, while comparing the Limousin breed to the 
Simmental breed and three other cattle breeds in China, it was discovered that antioxidant capacity 
were much lesser in the Limousin breed (Xie et al., 2012). High basal levels of intrinsic redox 
biomarkers could explain the variations across breeds and within individual breeds in antioxidant 
activity. Such intrinsic redox biomarkers include dismutase, catalase, superoxide, glutathione and 
peroxidase which protect cells against oxidative damage by reactive oxygen species (Bekhit et al., 
2019; Skaperda et al., 2021). A lack of information exists on the antioxidant activity of lamb from 
various South African sheep breeds. Chikwanha et al. (2019b) reported that Dohne Merino lambs fed 
grape pomace supplemented diets had greater antioxidant activity than the control animals (no grape 
supplementation) during a 9-day retail display. Overall, oxidative processes lead to lipid and protein 
degradation and contributes to the deterioration of meat by compromising its texture, flavour, and 
colour (Ripoll et al., 2011; Muela et al., 2014).” 
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2.5.2.2 Myoglobin oxidation 
The oxidation of myoglobin, which involves the transformation of red-coloured 
oxymyoglobin to dark reddish metmyoglobin leads to deterioration of meat colour and limits its shelf-
life (Inserra et al., 2014; Faustman & Suman, 2017). According to Jacob et al. (2014), breed type, 
pHu and the concentration of linoleic acid could possibly influence the retail colour stability of M. 
longissimus (loin). Warner et al., (2017) observed that Merino meat had a reduced colour stability on 
display period of 0 to 3 days. This could have been due to changes in intrinsic and hormone-stimulated 
metabolism, as well as possible differences in muscle physiology between the two groups 
(Ponnampalam et al., 2012). Oxidative stress is more prone to occur in Merinos since their muscles 
are more aerobic and less glycolytic in nature (Warner et al., 2007; Greenwood et al., 2007). Overall, 
there is lack of information on colour shelf-life of South African sheep breeds.  
 
2.5.2.3 Lipid Oxidation 
“Lipid oxidation in muscle depends on the preferential substrates that is PUFA (Morrissey et 
al., 1998), which leads to their degradation and eventual rancidity (Amaral et al., 2018). Meat 
antioxidant levels, iron content, unsaturated fatty acids (UFA) distribution and pH, influence the 
activity and proportion of lipid oxidation (Falowo et al., 2014). Increased IMF and PUFA percentages 
can have adverse influence on the oxidative stability of meat, due to the increased oxidation 
susceptibility of these fatty acids as a result of their increasing degree of unsaturation (Scislowski et 
al., 2005). Hajji et al. (2016) showed that breed variations in fat and PUFA content had no effect on 
raw meat antioxidant capacity. The study also suggested that differences in reducing compound (i.e., 
NADPH (Bhagavan & Chung-Eun, 2015)), between fat-tailed Barbarine lamb, Noire de Thibar, and 
Queue Fine de l’Ouest lambs induced differences in meat oxidation.” Lipid oxidation result in off-
flavours, unacceptable taste and accumulation of unhealthful compounds for human consumption 
(Falowo et al., 2014; Min & Ahn, 2005). The oxidative potential of the meat could be altered when 
there are increases in the myoglobin level of the meat (Falowo et al., 2014). Poor colour stability in 
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lamb meat could be because of differences in mitochondrial activity which can lead to increase 
reactive oxygen species (Seyfert et al., 2006) causing shorter time for its discolouration. Overall, there 
is limited research on the comparison of sheep meat lipid oxidation between South African sheep 
breeds.  
 
2.5.2.4 Protein oxidation 
Protein oxidation is a term that refers to the covalent alteration of proteins as a result of 
reactive oxygen and nitrogen species (Falowo et al., 2014; Zhang et al., 2013b). Protein oxidation in 
meat causes colour deterioration, and reduced texture, loss of nutrients (i.e., essential amino acids) 
and protein digestibility (Guyon et al., 2016). According to several studies (Estévez, 2011; Popova & 
Marinova, 2013; Falowo et al., 2014), protein and lipid oxidation are closely associated, contributing 
to the deterioration of meat quality attributes. No previous studies on sheep meat from South African 
breeds compared their protein oxidation. Such studies will promote production of adaptable breeds 
to produce better meat quality especially in dryland areas.  
 
2.5.3 Fatty acids composition and volatile compounds  
Fatty acids determine the flavour of meat (Wood & Enser, 1997) due to the fact that they 
generate a variety of volatile chemicals when heated (Campo et al., 2003).Volatile compounds impact 
meat flavour upon cooking. Fatty acid variations in muscle lipids among breeds have been observed 
in numerous studies (Wachira et al., 2002; Tshabalala et al., 2003; Tsiplakou et al., 2008; Yousefi et 
al., 2012; Belhaj et al., 2020). The disparities in fatty acid composition as attributed to breed are often 
due to the degree of fatness, live weight, and slaughter age (Sanudo et al., 2000). Previous studies 
showed that light lambs (5.5 - 6.5 kg; hot carcass weight (HCW)) have higher proportion of myristic 
acid (14:0) and PUFA, while heavy lambs (10.6 - 13.4 kg; HCW) showed higher proportions of oleic 
acid (c9-18:1) and MUFA (Dıaz et al., 2002; Dıaz et al., 2005). Van Harten et al. (2015) in 
experiments with three different breeds (Damara, Dorper and Merino) reported higher PUFA in the 
Stellenbosch University https://scholar.sun.ac.za
 21  
 
Damara. Higher level of UFA was found in Damara when compared with Dorper, and this was also 
reflected in a higher 18:3n-3 PUFA content which is beneficial to human health (Tshabalala et al., 
2003; Chikwanha et al., 2018). On the contrary, some studies showed no breed effects regarding fatty 
acid content of lamb meat (Hoffman et al., 2003; Ponnampalam et al., 2009). Little information of 
fatty acids composition of some indigenous sheep breeds in South Africa is available in scientific 
literature, while no information is available for the volatile compounds of these breeds and this 
warrant further research.  
 
2.5.4 Sensory attributes 
“The sensory quality of meat is measured by all of the attributes that contribute to or impact 
customer perception, including appearance, aroma, taste, juiciness, and textural properties (Neethling 
et al., 2016). Previous research established that animal breeds can influence these attributes (Young 
et al., 1993; Hoffman et al., 2003; Hopkins et al., 2005a; Cloete et al., 2012) and this might be 
attributed to the percentage of PUFA present in the meat. Meat derived from breeds with higher PUFA 
percentage often produce stronger flavour than meat products from breeds with lower percentages 
(Zhang et al., 2020b; Pewan et al., 2020). Several aroma and flavour attributes were found similar 
between breeds (Safari et al., 2001; Esenbuga et al., 2001; Hoffman et al., 2003) but the tenderness 
differed (Navajas et al., 2008).” When compared to Dorper meat, South African Mutton Merino meat 
had a stronger flavour and general acceptability (Webb et al., 1994). This was linked to the increased 
quantities of UFA found in the Dorper's subcutaneous fat, which may have lowered the meat's flavour 
score. However, more information is needed on the meat products derived from the different South 
African indigenous sheep breeds, which could help clarify the extent to which these breeds compared 
to the sensory characteristics of the meat from exotic and composites breeds.  
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2.6 Use of adapted sheep breeds as potential coping strategy to environmental challenges 
The existence of sheep under any environmental challenges such as heat, nutritional and/or 
heat stress requires the adaptation of the sheep to the environment. According to Nejad & Sung 
(2017), the capacity of animal to adapt is to survive and reproduce under harsh environments. 
Identifying adapted sheep breeds to limited drinking water is essential for the sustainability of 
livestock production in the rural and arid areas environments. The ability of the Dorper to withstand 
dehydration under water scarcity (Cloete et al., 2000) highlights its capability of continual meat 
production when water is limited (Chikwanha et al., 2021). With the persistent trend of recent 
droughts, sustainable sheep production among sheep farmers will require rearing breeds adapted to 
water scarce conditions. Indigenous and locally developed sheep exhibit adaptive qualities such as 
parasite and disease resistance, feed and water scarcity, and extreme climatic conditions (Peters et al., 
2010). Their lower water requirements when compared to exotic breeds make them perform better in 
the arid areas. Damara and Blackhead Persian have been observed to have lower water requirements 
and comparable meat production and quality attributes compared to composite and improved breeds 
(Schoeman & Visser, 1995a, 1995b; Cloete & Olivier, 2010; Almeida et al., 2013).  
A report by Mupfiga (2021) showed that Pedi and Damara were the most water and feed 
efficient breeds but had inferior meat production (i.e., growth and carcass) attributes and economic 
returns than the Merinos. Several studies have reported comparable meat quality of indigenous breeds 
with that of composites and exotic among South African breeds (Tshabalala et al., 2003; Chulayo & 
Muchenje 2013; Burger, 2015; Van der Merwe et al., 2020). Burger (2015) reported that Namaqua 
Afrikaner had lower fat content than Dorper and SAMM. A decrease in IMF is an indication that 
more beneficial PUFA to saturated fatty acid (SFA) ratio is found in indigenous breeds than exotic 
breeds (Webb & O’Neill, 2008; Burger, 2015). A comparative study has also been done on 
physicochemical meat quality attributes of Dorper, Damara, Merino, Dohne Merino and Meatmaster 
(Tshabalala et al., 2003; Van der Merwe et al., 2020). However, there are limited comparative studies 
on meat fatty acids, volatile compounds, shelf-life and sensory quality among South African sheep 
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breeds raised under controlled conditions. More direct comparisons of pure indigenous, indigenous 
composite, and exotic South African sheep breeds under hot-dry feedlot conditions are, therefore, 
warranted.  
2.8 Summary 
“Adaptation to water scarcity due to recurring droughts is one of the main challenges facing 
sheep production in arid and semi-arid regions of South Africa. To ensure sustainable sheep meat 
production under the adverse conditions, preference should be given to the local indigenous and 
composite adapted breeds. Indigenous breeds are adapted to the harsh environmental condition 
prevalent in South Africa. Water scarcity and high heat loads causes heat, water and nutritional stress 
which negatively influences meat quality attributes of sheep breeds. Currently, there is dearth of 
information on shelf-life and eating quality attributes of South African sheep breeds. It is therefore 
important to investigate the physicochemical properties, shelf-life, and fatty acids, volatile 
compounds, and sensory profiles of meat from different South African sheep breeds. 
” 
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Chapter 3: Comparison of the physicochemical properties and shelf-
life of the meat from six South African sheep breeds 
Abstract  
“Physicochemical and shelf-life attributes of meat from Damara (n= 10), Dorper (n= 10), Dohne 
Merino (n = 10), Merino (n = 10), Meatmaster (n = 9) and Pedi (n = 8) wether lambs were evaluated 
in a 42-day feedlot trial. They were individually offered water and a pelleted total mixed ration (143.5 
g crude protein (CP)/kg DM and 10.29 MJ/kg DM). The left longissimus thoracis et lumborum muscle 
was sample for meat quality measurements. Dohne Merino had the highest intramuscular fat while 
Damara and Pedi had the least (P ≤ 0.05). Meat lightness increased over time with Pedi having the 
hughest values on day 7 of retail display followed by the Merinos (P ≤ 0.05). On day 7, Dohne Merino 
and Merino meat had the highest lipid oxidation values while Damara and Pedi had the lowest values 
(P ≤ 0.05). The lowest meat protein oxidation values on day 7 were noted for the Meatmaster followed 
by Dohne Merino. Overall, pure indigenous breeds’ leaner meat with comparable shelf life to meat 
from indigenous composite and exotic composite breeds. This imply that indigenous breeds and their 
composites raised under hot-dry feedlot conditions could produce meat of acceptable 
physicochemical quality to consumers.”  
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3.1 Introduction 
Sheep meat production significantly contributes towards rural population income, farm system 
stability and human nutritional status especially among smallholder farmers (Tshabalala et al., 2003). 
Among the different sheep breeds raised in South Africa, are indigenous and composite breeds, that 
have become adapted to recurring droughts and water-scarce conditions which have been experienced 
over the past decades (Sejian et al., 2017; Kay, 1997). These breeds contribute to the diversity of 
existing production systems because of their important attributes such as low water consumption, 
disease resistance, high fertility, and unique product qualities (Schoeman & Visser, 1995a, 1995b; 
Mendelsohn, 2003; Burger, 2015). In this regard, there is some information on lamb meat 
physicochemical quality attributes of South African sheep breeds such as Dohne Merino, Dormer, 
Dorper, Meatmaster, Merino, Namaqua Afrikaner, SAMM and Damara (Van der Merwe et al., 2020a; 
Cloete et al., 2012; Almeida et al., 2013; Tshabalala et al., 2003). However, there is limited research 
on the comparison of breed effects on physicochemical attributes of lamb meat from indigenous 
breeds and meat shelf-life of both indigenous and exotic sheep breeds raised under hot-dry feedlot 
conditions. The objective of this present study was therefore, to compare physicochemical attributes 
and shelf-life stability of lamb meat from indigenous (Damara and Pedi), indigenous composite 
(Meatmaster, Dorper and) and exotic composite (Dohne Merino and Merino) sheep breeds raised 
under hot-dry feedlot conditions.  
 
3.2 Materials and methods 
3.2.1 Ethical approval and study site 
“The Stellenbosch University Animal Ethics Committee authorized the study protocol for the 
care and use of the animals utilized in the investigation (SU- ACU-2020-11259). The experiment was 
conducted between November 2020 and January 2021 at Welgevallen Experimental Farm (33.9427° 
S, 18.8664° E; Stellenbosch University, South Africa). A data logger (Multi-use USB Temp & RH 
Data Logger, TZONE DIGITAL TECHNOLOGY CO., LTD, Johannesburg, South Africa) situated 
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inside the animal house was used to measure the relative humidity and temperature changes every 10 
mins while conducting the experiment. Temperature-humidity index (THI) calculated according to 
Habeeb et al. (2018) as follows: 
THI =  DB °C − {(0.31 − 0.31 × RH) ×  (DB °C − 14.4)} 
Where, DB °C - Dry bulb temperature in degrees celsius and RH - Relative humidity percentage 
(RH)/100. The THI was used to assess the animals' wellness in hot weather.” 
 
3.2.2 Experimental design and animal management 
Four-five months-old male lambs from six breeds (10 Damara, 10 Dorper, 10 Dohne Merino, 
10 Merino, 9 Meatmaster and 8 Pedi) were purchased from the commercial producers. On arrival at 
the farm, the lambs were tagged, vaccinated subcutaneously on the upper inner thigh against tetanus, 
pulp kidney and Pasteurellosis using 2 ml of Multivax- P®. The lambs were drenched with 20 ml of 
Ivomec® for internal parasites and dosed with 5 ml of multivitamin (Embavit™). Lambs were 
allocated to individual slatted floor pens (2 m × 1 m) in a completely randomized design. Each pen 
had its own feeding and watering trough. After a 21-day adaption period, data collecting began and 
continued for 42 days, in which growth performance was observed. 
 
3.2.3 Feed chemical analyses 
The chemical composition of the commercial pelleted total mixed ration used in the study is 
shown in Table 3.1. Dry matter, ash, ether extract and nitrogen contents of the commercial feed used 
were determined using the 942.05, 934.01, 920.39 and 942.05 methods, respectively, in accordance 
with the procedures established by the AOAC (2002). The total nitrogen content was evaluated using 
the Dumas technique and a macro-Nitrogen analyzer (LECO® FP528, LECO Corporation, Miami, 
USA). By multiplying the nitrogen content by a factor of 6.25, crude protein (CP) was calculated. 
The concentration of starch was measured using a commercial assay (Total Starch Megazyme kit 
KTSTA, Megazyme International Ireland Ltd., Wicklow, Ireland), following the procedure described 
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previously for samples containing glucose and/or maltodextrins (Hall, 2009). Neutral detergent fibre 
(aNDFom) was determined using an Ankom 220 Fibre Analyser (Ankom Technology Corp., Fairport, 
NY) using heat-stable alpha-amylase and addition of sodium sulphite (Mertens et al., 2002). Acid 
detergent lignin (ADL) was determined on the bags containing residual acid detergent fibre treated 
with 72% sulphuric acid for 3 h according to the manufacturer’s procedure (Ankom Technology 
Corp., Fairport, NY). All the analyses were determined in triplicate. 
 
Table 3.1: Chemical composition of feed used 
Variable Composition (g/kg DM) 
Dry matter (DM) 895.5 
Ash 78.4 
Crude protein (CP) 143.5 
Ether extract (EE) 35.3 
Starch 202.2 
Metabolisable energy (MJ/ kg DM) 10.29 
Non-fibre carbohydrates (NFC)a 448.2 
Neutral detergent fibre (aNDF)b 294.6 
Acid detergent lignin (ADL)c 68.1 
a – Non-fiber carbohydrates: Calculated as: 1000 – (aNDF + CP + EE + Ash), b – aNDF: neutral detergent fibre assayed 
with heat stable amylase, c – ADL: determined by solubilisation of cellulose with sulphuric acid. 
 
3.2.4 Water intake, growth and meat quality trial 
For the growth trial, over the period of the 42-day trial, feed and water intakes were determined for 
all animals within a breed. Daily water intake (DWI) was calculated using water consumed and feed 
water (i.e., metabolic water was not included since faecal samples were not collected to determine 
the digestible nutrients). Weekly, whole body weights of animals were obtained prior to feeding, and 
composite samples of feed provided were collected and kept at 4 ° C for chemical analysis. Animals 
were fasted for 16 hours on day 42 to establish their ultimate empty body weights (i.e., final weight). 
The average daily gain (ADG) was estimated as the difference between the final and initial weights 
divided by the total number of days on trial [ADG = (Final weight - Initial weight) / total number of 
days on trial]. Feed conversion ratio (FCR) was defined as the ratio of dry matter intake (DMI) to 
average daily gain (ADG).. The ratio of DWI to ADG was used to evaluate water utilisation efficiency 
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(i.e., water intake to weight growth ratio) (Ahlberg et al., 2019; Schoeman and Visser, 1995a). The 
water to feed ratio was determined by dividing the total amount of water drank by the total amount 
of feed consumed throughout the trial period (National Research Council, 2007). 
 
3.2.5 Income over feed costs 
The following formula was used to get the income-over-feed cost (IOFC) per animal: 
IOFC = Total income (TI) − Total feed costs (TFC),  
where TI is the income generated from the sale of cold carcasses and TFC is the cost per kilogram of 
feed x dry matter intake (Buza et al., 2014). 
 
3.2.6 Slaughter procedures, carcass measurements and meat sampling 
After the growth trial, Lambs were transported to a commercial abattoir, 64 kilometres away 
from the experimental farm.. The lambs were rested for 16 h in the lairage, with ad libitum access to 
fresh water, but without feed. Lambs were slaughtered following the South African Meat Safety Act 
(No. 40 of 2000) procedures and electrically stunned (200 V and 1.4 amp applied for 4 s). The 
carcasses were dressed and tagged for easy identification upon   sample collection. Qualified 
personnel classified the carcasses according to their fatness, age, conformation, and degree of damage 
using the South African classification system in accordance with the Agricultural Product Standards 
Act (Act 119 of 1990). Post-dressing, hot carcass weights were determined immediately. Cold carcass 
weights were determined at 3% shrink loss of the warm carcass weights. 
After dressing, the carcass were chilled in the cold room at ±5 °C. A portable glass electrode pH 
meter (Crison pH 25 meter, Lasec, South Africa) was used to measure post-mortem temperature and 
pH at 45 min and 26 h in the right longissimus thoracis et lumborum (LTL) muscle in the region 
between the 12th and 13th ribs. The dressing percentage was calculated by dividing the warm carcass 
weight by the slaughter weight. The left and right LTL of each carcass was excised 24 h post-mortem, 
vacuum packed and was transported to the Department of Animal Sciences’ Meat laboratory 
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(Stellenbosch University) under cold storage conditions for meat quality analyses. The meat was not 
aged in any way. The left LTL was set aside for the physicochemical and shelf-life analyses. The 
right LTL was vacuum packed and stored at -20oC pending sensory evaluation. 
The left longissimus lumborum (LL) was cut into six, 2 cm-thick slices, which were randomly 
allocated for proximate analyses, fatty acid analyses, cooking loss and shear force. The longissimus 
lumborum thoracis (LT) was used for shelf-life analyses (i.e., colour, antioxidant activity, lipid and 
protein oxidation). 
 
3.2.7 Meat proximate composition  
Prior to assessment, the meat was carefully stripped of any subcutaneous and extra fat, as well as 
connective tissues, and then homogenized for 10 to 15 seconds in a Foss water-cooled KnifetecTM 
1095 sample mill (Tecator AB, Höganäs, Sweden). Following homogenisation, vacuum-packed 
homogenate meat was held at a temperature of -20 °C for chemical analysis. Moisture content 
(method 934.01) and ash content (method 942.05) were calculated in accordance with the standards 
of the AOAC (2002). According to Lee et al., the total fat content was determined using a 
chloroform/methanol (2/1 v/v) solvent mixture (1996). The nitrogen content of defatted dry meat was 
evaluated using the DUMAS method (LECO® FP528, LECO Corporation, Miami, FL, USA). All 
proximate analyses were done in duplicate. 
3.2.8 Cooking loss and shear force  
Duplicate samples of about 80 g lamb meat were used to measure cooking loss (Honikel, 1998) 
and instrumental tenderness using the Warner-Bratzler Shear Force (WBSF) technique (Silva et al., 
2015). Meat samples were weighed in plastic bags before and after cooking and immersed in an 80 
°C water bath for 60 minutes. Cooking loss was estimated as follows: [(weight of raw steak before 
cooking minus weight of cooked steak)/weight of raw steak before cooking] 100 (Honikel, 1998.) 
Before determining WBSF, the cooked samples were refrigerated at 4 °C for 24 hours. Six 2cm 
cuboids (1 cm 1 cm square cross-section) were cut perpendicular to the muscle fibres with a 1-mm 
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thick, V-shaped Warner Bratzler cutting blade attached to an Instron 3345 Universal (Instron®, 
Norwood, MA, USA) equipped with a 500 N load cell. WBSF values were measured in Newtons (N). 
 3.2.9 Meat shelf-life analyses 
At the laboratory, the meat samples were prepared under hygienic conditions by removing the 
visible fat from the lumbar region (L1 – L5). Three portion cuts of ~2.0 cm from this region were used 
for shelf life display simulating retail conditions. Each cut from one lamb was randomly placed in 
each of three white polystyrene trays corresponding to three shelf-life days (day 1, 3, 7) lined with a 
sterile stomacher bag material. The trays were wrapped using a 10 µm thick oxygen permeable cling 
film with a moisture vapour transfer rate: 585 g/ cm2 x 24 h x 1 atmosphere, with oxygen permeability 
of: 25 000 cm3/ m2 x 24 h x 1 atmosphere and carbon dioxide permeability: 18000 cm3/ m2 x 24 h x 
1 atmosphere. The wrapped trays were displayed under constant, cold, and fluorescent light for a 3-
day shelf-life study at ±4 °C. The trays were rotated every 24 h to minimise temperature and light 
intensity disparities. Samples for antioxidant activity, lipid and protein oxidation of meat were cut on 
each sampling day (i.e., day 1, 3 and 7) after taking colour measurements. Prior to analyses, samples 
for antioxidant activity, lipid and protein oxidation were homogenised using a Foss water-cooled 
Knifetec 1095 sample mill (Tecator AB, Höganäs, Sweden) for 10 to 15 s, vacuumed-packed and 
stored at -80 °C prior to analyses. 
 
3.2.9.1 Colour measurements 
The outer layer of the meat was assessed for colour, using a Spectro-guide 45/0 gloss colorimeter 
(BYK-Gardner GmbH, Gerestried, Germany) equipped with an 11-mm diameter aperture and 
calibrated to D65/10° illuminant/observer conditions. The parameters of lightness (L*), redness (a*), 
and yellowness (b*) were determined. The day one samples were allowed to bloom for 30 min and 
were measured according to AMSA (2012). Per sample, measurements were conducted three times 
at distinct places. 
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3.2.9.2 Antioxidant activity analysis 
“Antioxidant capacity was measured using the ferric reducing antioxidant power (FRAP) test 
(Descalzo et al., 2007). Meat samples (1 g in duplicate) were homogenised in 5 ml of alkaline 
potassium phosphate solution (pH 7.2) using an IKA® Disperser (T18 digital ULTRA TURRAX®, 
IKA®, Staufen im Breisgau, Germany) set at 9000 rpm for 2 min. The homogenate was centrifuged 
at 4024 × g for 30 min at 20 °C. The supernatant (i.e., 20 μl) was mixed with 180 μl.”The FRAP 
reagent [300 mM acetate buffer (pH 3.6), 10 mM 2,4,6-tri[2-pyridyl]-s-triazine solution, and ml 20 
mM ferric chloride solution (10/1/1)] in a 96-microplate well and shaken for 3 seconds prior to 
reading absorbance at 593 nm (Spectrostar Nano, BMG Labtech, Ortenberg, Germany). Antioxidant 
activity was determined using a ferrous sulphate standard curve (0.1–0.8 mM) and represented as mM 
ferrous sulphate equivalent/kg wet meat (mM Fe2+ eq./kg meat). 
3.2.9.3 Lipid oxidation analysis 
The thiobarbituric acid reactive substances (TBARS) assay was used for quantifying the extent 
of lipid oxidation according to the procedure described by Lynch & Frei (1993) as modified by 
Gatellier et al. (2005). Duplicate one-gram meat samples were homogenised as described above but 
using 10 ml of 0.15 M potassium chloride at 6400 rpm for 20 s. Following the above procedure, 
samples were measured at an absorbance of 532 nm (CECIL, CE2021, 2000 series 
spectrophotometer, LASEC SA). The TBARS were quantified by comparison to a 1,1,3,3-tetra-
methoxypropane standard curve (0 – 20 μM) and results expressed as mg malondialdehyde/ kg meat 
[mg Malondialdehyde (MDA)/kg meat].  
 
3.2.9.4 Protein oxidation analysis 
Protein oxidation was measured using the carbonyl content technique described in the Sigma-
Aldrich Protein Carbonyl Colorimetric Assay Kit (St Louis, MO, USA; Sigma-Aldrich, 2015) (as 
cited by Bambeni et al., 2021). Duplicate samples were analyzed. The carbonyl content was assessed 
by derivatisation with 2,4-dinitrophenyl hydrazine (DNPH) and quantified using a 
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spectrophotometric assay at 375 nm using a Cecil CE2021 2000 Series spectrophotometer (Lasec SA 
(Pty) Ltd). The carbonyl content was determined as nmol carbonyl/ mg protein using a 22 mM1cm1 
molar extinction coefficient. All lamb samples were analyzed twice. 
3.2.10 Statistical analyses 
“Before analysis, all data were tested for normality PROC UNIVARIATE SAS v. 9.4 (SAS 
Institute Inc., 2012). In cases of deviations from normality, outliners were excluded from the final 
analysis. Data on meat physicochemical composition and pH were analysed using a GLM model SAS 
v. 9.4 (SAS Institute Inc., 2012) including breed as a fixed factor and animal as a random factor. Data 
on shelf-life parameters (i.e., meat colour, antioxidant activity, lipid and protein oxidation), were 
analysed using a repeated measures using a GLIMMIX model of SAS v. 9.4 (SAS Institute Inc., 2012) 
to test the effect of breed, time (day or week) and breed × time interactions as fixed factors, animal 
as a random factor and day or week as a repeated measure. Tukey's test was used for multiple 
comparisons of sample means when significance was discovered at P ≤ 0.05.” 
 
3.3 Results 
3.3.1 Temperature-humidity index (THI) and potential animal heat stress 
Table 3.2 presents temperature, relative humidity (RH) and temperature-humidity index (THI) 
of the experimental animal house. Temperatures and relative humidity ranged between 21.42 to 27.41 
°C and 46.85 to 64.07% during the day and 15.37 to 20.25 °C and 68.98 to 82.19% at night, 
respectively. The THI at night ranged from 15.24 to 19.75 °C throughout the trial indicating that 
lambs were not potentially exposed to heat stress at night. During the day, for week 1 and 2 THI either 
indicated potential absence or moderate exposure to heat stress. However, daytime THI ranged from 
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Table 3.2: Temperature, Relative Humidity (RH) and Temperature Humidity Index (THI) of the experimental 
animal house 
 
           Temperature °C                 RH %             THIb 
Week Daya Night Day Night Day Night 
1 21.42 ± 4.42 15.37 ± 2.42 58.27 ± 15.69 73.48 ± 11.78 20.33 ± 3.50 15.24 ± 2.11 
2 24.48 ± 4.39 16.24 ± 3.06 46.85 ± 10.96 68.98 ± 11.07 22.68 ± 3.35 15.98 ± 2.63 
3 23.55 ± 3.65 17.67 ± 2.27 64.07 ± 14.17 82.19 ± 9.97 22.38 ± 2.83 17.44 ± 2.04 
4 26.40 ± 4.05 17.11 ± 3.23 54.08 ± 12.86 77.76 ± 11.00 24.55 ± 3.11 16.83 ± 2.86 
5 27.41 ± 4.54 20.25 ± 2.49 56.14 ± 14.15 76.22 ± 10.94 25.47 ± 3.42 19.75 ± 2.08 
6 26.24 ± 5.39 18.06 ± 2.76 49.97 ± 15.83 70.15 ± 12.98 24.18 ± 4.02 17.64 ± 2.29 
a Daytime was taken at 06:00, 09:00, 12:00, and 15:00 while night-time was taken at 18:00, 21:00, 00:00 and 03:00.  
bHeat stress categories: <22.2 °C = absence of heat stress, 22.2 to <23.3 °C = moderate heat stress, 23.3 to < 25.6 °C = severe heat 
stress and >25.6 °C = extreme severe heat stress. Source: (Habeeb et al., 2018). 
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Damara Dohne Merino Dorper Meatmaster Merino Pedi 
Weight measures        
Final weight (kg) 45.9 ± 0.98b 52.0 ± 0.98a 43.5 ± 0.98b 55.8 ± 1.06a 44.2 ± 0.98b 34.6 ± 1.10d <0.0001 
Average daily gain (ADG) (g) 393.4 ± 21.96a 241.2 ± 30.72b 285.3 ± 18.51b 398.9 ± 25.3a 256.0 ± 17.72b 284.4 ± 35.52b <0.0001 
        
Feed and water intake measures        
Dry matter intake (DMI) (kg/ d) 1.83 ± 0.05b 1.45 ± 0.07cd 1.62 ± 0.04c 2.00 ± 0.05a 1.47 ± 0.04cd 1.44 ± 0.08d <0.0001 
DMI of % body weight (BW) 4.36 ± 0.11a 3.77 ± 0.16bc 3.99 ± 0.09b 4.56 ± 0.11a 3.71 ± 0.09c 3.80 ± 0.18bc <0.0001 
DMI (g/ kg BW0.75) 115.3 ± 2.45a 85.2 ± 2.53d 102.1 ± 2.45b 113.5 ± 2.68a 92.3 ± 2.44c 103.2 ± 2.93b <0.0001 
        
Free water (L/ d) 4.45 ± 0.177ab 4.64 ± 0.177ab 4.41 ± 0.177ab 4.82 ± 0.187a 4.30 ± 0.177b 3.52 ± 0.198c 0.0006 
Water intake from feed (L/ d) 0.21 ± 0.005b 0.18 ± 0.005d 0.20 ± 0.005c 0.25 ± 0.005a 0.18 ± 0.005d 0.17 ± 0.005e <0.0001 
Daily water intake (DWI; L/ d)a 4.57 ± 0.181b 4.83 ± 0.181b 4.61 ± 0.181b 5.08 ± 0.191a 4.50 ± 0.181b 3.75 ± 0.202c 0.0006 
DWI (ml/ kg BW0.75) 290.8 ± 11.22 278.1 ± 11.42 290.10 ± 11.21 285.1 ± 12.08 278.9 ± 11.18 270.9 ± 13.11 0.8243 
DWI of % body weight (BW) 10.4 ± 0.52 12.5 ± 0.73 11.2 ± 0.45 11.7 ± 0.58 11.3 ± 0.43 9.55 ± 0.85 0.4643 
        
Feed and water efficiency        
Feed conversion ratio 4.1 ± 0.22a 6.2 ± 0.28c 5.1 ± 0.23b 5.2 ± 0.38bc 5.4 ± 0.22b 4.0 ± 0.43a <0.0001 
Water intake to weight gain ratio 10.4 ± 0.72d 20.6 ± 0.72a 14.7 ± 0.72bc 12.0 ± 0.76c 14.5 ± 0.72bc 11.3 ± 0.81cd <0.0001 
Water consumed/ total DMI 2.5 ± 0.06c 3.0 ± 0.06a 2.8 ± 0.06b 2.5 ± 0.06c 3.0 ± 0.06a 2.8 ± 0.07b <0.0001 
        
Carcass attributes         
Warm carcass weight (kg) 20.6 ± 0.21c 23.8 ± 0.27a 24.2 ± 0.23a 23.7 ± 0.36ab 22.4 ± 0.22b 20.5 ± 0.42c <0.0001 
Cold carcass weight (kg) 20.0 ± 0.21c 23.1 ± 0.27a 23.5 ± 0.22a 23.0 ± 0.36a 21.8 ± 0.22b 20.0 ± 0.41c <0.0001 
Dressing percentage 44.6 ± 0.45c 51.3 ± 0.58a 52.6 ± 0.78a 51.2 ± 0.78ab 48.5 ± 0.47b 43.5 ± 0.91c <0.0001 
pH 45 mins 5.9 ± 0.07
dc
 6.3 ± 0.07
ab
 5.9 ± 0.07
d
 6.2 ± 0.07
bc
 6.4 ± 0.07
a
 6.1 ± 0.08
bc
 <0.001 
pH 24h      5.7 ± 0.07 5.99 ± 0.07 5.81 ± 0.07 5.95 ± 0.07 5.98 ± 0.07 6.0 ± 0.08 0.0677 
Temperature 45 mins 31.2 ± 0.28
b
 30.4 ± 0.28
bc
 32.4 ± 0.29
a
 30.7 ± 0.28
b
 29.6 ± 0.28
c
 29.6 ± 0.32
c
 <0.001 
Temperature 24 h 3.9 ± 0.26
ab
 4.20 ± 0.26
a
 3.20 ± 0.26
b
 4.38 ± 0.26
a
 4.21 ± 0.26
a
 3.83 ± 0.29
ab
 <0.001 




Table 3.4: Proportion of different carcass age and fatness classes of six South African sheep breeds 
Breed 
Carcass age and fatness class 
A2 A3 A4 A5 A6 AB2 
Damara 20 50 20 10 0 0 
Dohne Merino 70 20 10 0 0 0 
Dorper 40 10 20 20 0 10 
Meatmaster 11 33 0 33 11 11 
Merino 90 10 0 0 0 0 
Pedi 0 38 25 25 13 0 
 
3.3.2 Economic comparison of six South African sheep breeds 
The income over feed costs (IOFC) for various breeds are presented in Table 3.5. Meatmaster 
had the greatest total feed costs, followed by Damara, Dohne Merino, Dorper, and Merino, which had 
intermediate costs, and Pedi, which had the lowest total feed costs (P 0.05). The disparities are 
attributed to the DMI, as feed costs were constant among breeds.. The total income (i.e., from sales 
of carcasses) and income over feed cost was greatest for the Dohne Merino and Meatmaster and 








Damara Dohne Merino Dorper Meatmaster Merino Pedi 
Total feed costs (R)a,# 322 ± 7.35b 270 ± 7.35c 287 ± 7.35c 356 ± 7.75a 264 ± 7.35c 235 ±8.22d <0.0001 
Total income (R)b 1565 ± 57.90c 2105 ± 57.90a 1680 ± 57.90bc 1994 ± 61.04ab 1773 ± 57.90b 1106 ± 64.74d <0.0001 
IOFC (R)c 1243 ± 58.22c 1836 ± 58.22a 1393 ± 58.22bc 1638 ± 61.37b 1509 ± 58.22b 871 ± 65.09d <0.0001 




3.3.3 Effect of breed on physicochemical properties of six South African lamb meat 
“Table 3.3 illustrates the effect of breed on meat quality parameters. Most of the meat proximate 
parameters were significant (P ≤ 0.05) except for Warner-Bratzler shear force. Overall, the Dorper 
carcasses had the highest temperature at 45 mins. Breeds showed higher values on the pH after 24 h 
(i.e., ultimate pH; pH24) where Pedi, Dohne Merino and Merino tended to have higher (P = 0.0677) 
pH24 than other breeds. Merino and Dohne Merino lambs had lower moisture content than the Pedi 
(P ≤ 0.05). On the contrary, crude protein was lesser in Pedi and highest in Merino and Damara lambs 
(P ≤ 0.05). The highest IMF content was discovered for the Dohne Merino with Merino, Meatmaster 
as well as Dorper having moderate values whereas Damara and Pedi had the least values (P ≤ 0.05). 
Dorper and Dohne Merino had the greatest ash contents whilst Merino had the least contents (P ≤ 
















Damara Dohne Merino Dorper Meatmaster Merino Pedi 
Physicochemical attributes        
Moisture (%) 73.67 ± 0.24b 72.61 ± 0.26cd 73.51 ± 0.24b 73.20 ± 0.24bc 72.28 ± 0.25d 75.34 ± 0.27a <0.0001 
Crude Protein (%) 23.21 ± 0.36ab 22.72 ± 0.36bc 22.22 ± 0.38bc 22.40 ± 0.38bc 23.97 ± 0.39a 21.75 ± 0.49c 0.0024 
Intramuscular Fat (%) 2.63 ± 0.31c 5.80 ± 0.31a 3.61 ± 0.31b 3.65 ± 0.31b 3.42 ± 0.31b 2.62 ± 0.34c <0.0001 
Ash (%) 1. 3 ± 0.04abc 1.25 ± 0.04ab 1.25 ± 0.04a 1.15 ± 0.04abc 1.12 ± 0.04c 1.14 ± 0.04bc 0.0002 
Cooking Loss (%) 37.06 ± 0.67bc 36.02 ± 0.67c 39.72 ± 0.69a 38.29 ± 0.67ab 37.30 ± 0.70bc 37.12 ± 0.75bc 0.0061 
Warner-Bratzler Shear Force (N) 57.30 ± 4.36 46.40 ± 4.05 53.22 ± 4.09 49.54 ± 4.16 47.43 ± 4.15 51.80 ± 4.56 0.4803 




3.3.4 Effect of breed on antioxidant and colour shelf-life of six South African lamb meat 
The effects of breed, day, and breed × day interaction on antioxidant activity and colour shelf-
life of lamb meat are shown in Table 3.4. Breed had no influence on antioxidant activity and colour 
of lamb meat (P > 0.05). However, day, and breed × day interaction influenced antioxidant activity 
(P ≤ 0.05). Overall, antioxidant activity declined over time with Damara and Merino having higher 
values on day 7 while Dohne Merino had the lowest values (P ≤ 0.05). Interactive effects between 
breed and day were also detected for lightness (L*). Lightness increased over time with Pedi having 
the highest values on day 7 followed by Merino and Dohne Merino (P ≤ 0.05). Redness (a*) showed 
an interactive tendency (P = 0.076) but was affected by day, which declined over time (P ≤ 0.05). 
Yellowness (b*) was influenced by the breed × day interaction resulting in values increasing over 




Table 3.7: Effect of breed, day and breed × day interaction of antioxidant activity and colour of six South African lamb meat 
Day 
Breed P value 
Damara Dohne Merino Dorper Meatmaster Merino Pedi Breed Day Breed × Day 
Antioxidant activity (µmol Fe2+ equivalents/ g meat)      
1  323 ± 23.169a 262 ± 23.045bcd 298 ± 23.013ab 284 ± 24.22bcd 290 ± 23.117abc 249 ± 25.423cde 0.3639 <0.0001 0.0090 
3 252 ± 22.690bcde 232 ± 23.843bcde 246 ± 23.013bcde 261 ± 24.753abcd 280 ± 34.371abcd 227 ± 29.520bcde    
7 246 ± 23.169bcde 172 ± 25.509f 220 ± 25.395def 188 ± 29.020ef 252 ± 23.117bcde 224 ± 26.714cde    
Lightness (L*) 
   
1 35.2 ± 0.618fghi 33.9 ± 0.626i 35.4 ± 0.618fghi 34.9 ± 0.627ghi 34.9 ± 0.624hi 34.0 ± 0.690i 
0.2511 <0.0001 <0.0001 
3 37.8± 0.598bcde 36.6 ± 0.623defg 36.1 ± 0.598efgh 36.9 ± 0.600cdef 38.1 ± 0.605bcd 38.9 ± 0.690b 
   
7 38.1 ± 0.622bc 38.0 ± 0.639bcd 38.3 ± 0.618bc 37.9 ± 0.618cd 38.6 ± 0.645bc 40.5 ± 0.668a 
   
Redness (a*) 
   
1 13.9 ± 0.412y 14.0 ± 0.420y 14.6 ± 0.425y 13.9 ± 0.420y 13.7 ± 0.415y 13.9 ± 0.464y 
0.1068 <0.0001 0.0762 
3 13.3 ± 0.407z 12.2 ± 0.408z 13.4 ± 0.415z  13.7 ± 0.420z  13.1 ± 0.407z 13.5 ± 0.454z 
   
7 12.3 ± 0.415z 12.0 ± 0.424z 13.0 ± 0.408z 13.3 ± 0.407z 12.1 ± 0.415z 13.2 ± 0.464z 
   
Yellowness (b*)  
   
1 9.62 ± 0.408e 9.71 ± 0.408e 10.9 ± 0.408cd 9.68 ± 0.415e 9.98 ± 0.409de 9.39 ± 0.457e 
0.5304 <0.0001 0.0204 
3 12.3 ± 0.408ab 11.9 ± 0.401bc 11.7 ± 0.401bc 11.8 ± 0.406bc 12.4 ± 0.410ab 11.7 ± 0.457bc    
7 12.3 ± 0.40 ab  12.5 ±0.408ab 13.2 ± 0.408a 12.6 ± 0.409ab 12.7 ± 0.40 ab  12.8 ± 0.448ab     






3.3.5 Effect of breed on lipid and protein oxidation of six South African lamb meat 
Table 3.5 shows effects of breed, day, and breed × day interaction on meat lipid and protein 
oxidation. Lipid and protein oxidation were not influenced by breed (P > 0.05). Day and breed × day 
interactions, however, had significant effects on lipid and protein oxidation of lamb meat (P ≤ 0.05). 
Malondialdehyde (MDA) values increased over time (P ≤ 0.05) with Dohne Merino and Merino meat 
having the highest values on day 7 while Damara meat had the least values on the same day. The 
lowest carbonyl contents at the end of the 7-day retail display was noted in the Meatmaster with 
Dohne Merino having moderate values while the rest of the breeds had high values (P ≤ 0.05) with 











Damara Dohne Merino Dorper Meatmaster Merino Pedi Breed Day Breed × Day 
Lipid oxidation (mg MDA/ kg meat) 
1 1.04 ± 0.119d 1.32 ± 0.120bcd 1.08 ± 0.120cd 1.18 ± 0.123cd 1.15 ± 0.120cd 1.12 ± 0.133cd  0.0646 <0.0001 <0.0001 
3 1.02 ± 0.116d 1.12 ± 0.116cd 1.13 ± 0.117cd 1.10 ± 0.121cd 1.14 ± 0.118cd 1.05 ± 0.131d     
7 1.16 ± 0.119d 2.05 ± 0.119a 1.41 ± 0.123bc 1.41 ± 0.123bc 2.09 ± 0.120a 1.30 ± 0.133b     
 
Protein oxidation (nmol carbonyl/ mg protein) 
1 1.31 ± 0.411e 2.02 ± 0.411e 1.52 ± 0.411e 1.91 ± 0.411e 1.68 ± 0.411e 1.47 ± 0.459e  0.2917 <0.0001 0.0283 
3 3.19 ± 0.411d 3.83 ± 0.411cd 3.67 ± 0.411cd 3.79 ± 0.411cd 4.28 ± 0.411dc 3.68 ± 0.460cd     
7 5.69 ± 0.434ab 4.47 ± 0.493c 6.31 ± 0.434a 3.99 ± 0.461d 5.87 ± 0.411a 6.09 ± 0.498a     





The observation that Pedi, Dohne Merino and Merino tended to have higher pH24 than other breeds, 
could be associated with the genetic make-up of the breeds. For example, the Merino bloodline is known 
to have high pH24 all conditions being equal (Hopkins et al., 2011). However, there is still a gap in this 
area when it comes to the Pedi as there are no studies in this regard, and this warrants further research. 
Overall, current meat pH24 values (i.e., 5.8 – 6.2) were higher than normal values (i.e., 5.5 ± 2.0; 
Ponnampalam et al., 2017; Purchas, 1990) indicating intermediate dark, firm, dry quality issues. This 
might be due to extreme heat stress towards the end of the trial, or an extremely long feed withdrawal 
period before slaughter. Because of extended heat stress, sheep often limit their feed intake in an effort 
to reduce metabolic heat output, which has ramifications for muscle glycogen depletion and resulting in 
high final pH. Meat color, water retaining capacity, and pHu have all been proven to be negatively 
affected by heat stress. According to a study by Kadim et al (2004, 2007, 2008, and 2014), when exposed 
to heat, goat and sheep meat loses some of its lightness as well as its WHC, while its toughness increases.  
Likewise, feed withdrawal from sheep before slaughter lowers muscle glycogen reserves available for 
post mortem metabolism (Jacob et al., 2005). 
The relatively higher total income observed for the Dohne Merino and to a lesser extent Merino 
could be attributed on the greater percentages of animals in the A2 class (Table 3.4), which is classed as 
premium in South Africa (vander Merwe et al., 2020; van Heerden et al., 2007). Meatmaster’s high 
income was comparable to that of Dohne Merino due to its heavier carcasses. Pedi had the least income 
as it had lighter carcasses most (63%) of which fell into lower premium classes A4 to A6 (Table 3.4). A 
comparable effect for income was found for income over feed costs and the differences are also ascribed 
to the breed differences in carcass weights and classes. 
The observed proximate composition differences, particularly for Dohne Merino could be explained 




positively correlated with fat and protein contents, respectively (Ang et al., 1984; Wati et al., 2019). In 
fact, fat content reduces water holding capacity due to its hydrophobicity, which consequently decreases 
the relative amount of protein available for attracting and holding water (Watanabe et al., 2018; Wati et 
al., 2019). The moisture and protein content reported for Merino and Pedi could be partly related to their 
carcass weights. Lighter carcasses tend to have more moisture and less protein than heavier carcasses 
(Kemp et al., 1976; Solomon et al., 1980). The discovered IMF differences across breeds also confirms 
that fat deposition varies among early, medium, and late maturing sheep breeds (Van der Merwe et al., 
2020b). The greater IMF observed for the Dohne Merino can be attributed to its high feedlot entry weight, 
which was close to its recommended slaughter weight and resulted in increased fat deposition during the 
feeding trial. However, the low IMF recorded for Pedi and Damara is not typical of early maturing breeds, 
and suggests that these breeds deposit most of the fat in the tail depot as opposed to carcass depots (i.e., 
muscle and subcutaneous) as observed for other fat-tailed breeds (Negussie et al., 2003; Van der Merwe 
et al., 2020a). The reason(s) for the observed ash contents for Dohne Merino, Dorper and Merino are not 
immediately clear.  
The finding that cooking loss values were highest for Dorper and Meatmaster and lowest for Dohne 
Merino contradicts previous findings which did not find variation in cooking loss among diverse South 
African sheep breeds (Cloete et al., 2012; Van der Merwe et al., 2020a). The observed cooking loss 
variation across breeds could be a result of the interaction of factors like pH24, proximate composition 
and slaughter weight (De Lima Jùnior et al., 2016; Hopkins et al., 2011; Villatoro et al., 2021), which 
were all different in the current study. “When meat pH is low, intramyofibrillar water escapes into the 
extracellular space. Drip loss may occur if fluid discharged from myofibrils is trapped in two extracellular 
space compartments when they contract due to pH changes and myosin top adhesion to actin filaments 
(Cheng and Sun, 2008). Meat with lower pH and higher drip loss had increased cooking loss (Wang et 




and drip losses (Yousefi et al., 2012).” The WBSF of lamb meat did not differ across the breeds assessed, 
but the values reported for the current study surpassed the 40 N threshold regarded as tender for sheep 
meat (Holman & Hopkins, 2021). The high WBSF values obtained in this study could be associated with 
pH24 (i.e., 5.8 to 6.2), which often produce meat regarded as less tender (Grayson et al., 2016; 
Ponnampalam et al., 2017). The toughness could also be due to the absence of ageing. Ageing weakens 
the link between lateral myofibril shrinkage caused by rigour mortis and total muscle fiber shrinkage 
(Pearce et al., 2011).  
Findings on antioxidant activities could suggest that Damara and Merino breeds may have elevated 
basal levels of intrinsic redox biomarkers among them glutathione peroxidase, superoxide dismutase and 
catalase, which protects the cells from oxidative damage by reactive oxygen species (Bekhit et al., 2013; 
Skaperda et al., 2021) compared to Dohne Merino. The loss of homeostasis post-mortem could have led 
to the breakdown of the endogenous antioxidant defences (Carvalho et al., 2019), hence the decline in 
the antioxidant activity over time (Carvalho et al., 2019; Domínguez et al., 2019). 
“The Merinos L* values reflect their relatively high IMF content. The high L* values reported for 
the Pedi meat could be associated to the high moisture content reported for this breed despite that it had 
slow growth rates, small carcasses, high pH24 and low IMF, all of which are known to produce dark meat 
(Mapiye et al., 2013; Ponnampalam et al., 2017). Movement of water from the myofibrillar compartment 
into the inter-myofibrillar space and extracellular space post-mortem result in differences in the refractive 
indices of the cellular and extracellular space and myofibril shrinkage thereby increasing light reflection 
from the surface of meat making it appear lighter (Ponnampalam et al., 2017; Warriss, 2010). The L* 
values across breeds are similar to those reported by Cloete et al. (2012) and Van der Merwe et al. (2020a) 
for the same breeds. The L* values recorded in the current study are, however, slightly lower than the 





The decrease in a* throughout the display period could be due to the increasing metmyoglobin 
formation because of various oxidative factors (e.g., light, exposure to oxygen), which causes the 
browning of the meat (Alarcon-Rojo et al., 2019; Khliji et al., 2010; Ponnampalam et al., 2020). Overall, 
the reported a* values are in agreement to previous findings for South African lamb breeds (Cloete et 
al., 2012; Van der Merwe et al., 2020a) but were below the consumer threshold (>14.5) expected for 
lamb meat (Holman & Hopkins, 2021). The overall increase in b* values over time could be attributed 
to the formation of fluorescent Schiff bases during lipid and protein oxidation (Chelh et al., 2007). There 
is no set threshold for b* in lamb meat but the results for the studied breeds are comparable to those 
reported in literature (Almeida et al., 2013; Van der Merwe et al., 2020a).  
The observed breed differences in malondialdehyde values correspond with IMF and antioxidant 
activity values reported for the respective breeds. Peroxidation of polyunsaturated fatty acids within cells 
produces malondialdehyde MDA, which is a lipid oxidation biomarker (Gaweł et al., 2004). In that 
regard,  lipid oxidation generally increases with IMF content and degree of unsaturation of fatty acids, 
and decreases with increasing antioxidant activity (Domínguez et al., 2019). Meat lipid oxidation values 
were within the 1 – 2 mg MDA/ kg meat threshold for rancidity and off-flavours acceptable to consumers 
(Ripoll et al., 2011) except for Dohne Merino and Merino meat on day 7. The observed carbonyl contents 
for the Meatmaster and Dohne Merino were not expected as these two breeds had relatively high IMF 
and low antioxidant activity. The levels of unsaturated fatty acids, free amino acids, high ionic strength 
and oxidative enzymes, which may serve as substrates or catalysts for the formation of reactive oxygen 
species in meat (Soladoye et al., 2015) could have influenced the observed breed difference in protein 






Intramuscular fat was highest for Dohne Merino and lowest for Damara and Pedi. Differences in 
meat shelf life across breeds were generally minor and inconsistent. In conclusion, pure indigenous 
breeds had leaner meat with similar shelf-life to that of indigenous composite and exotic composite 
breeds. Promotion of lean meat from indigenous breeds could contribute towards meeting the demands 
for the health-conscious consumers. Follow-up studies to determine fatty acid, volatile compounds, and 
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Chapter 4: Fatty acid content, volatile compounds, and sensory quality 
of selected South African sheep meat.  
Abstract 
The effect of breed was evaluated on the sheep meat fatty acid, volatile and sensory profiles of feedlot-
reared sheep. Fifty-seven, 4 to 5 months old wether lambs (10 Damara, 10 Dorper, 10 Dohne Merino, 10 
Merino, 9 Meatmaster and 8 Pedi) were fed a pelleted total mixed ration containing 143.5 g crude protein 
(CP)/ kg DM and 10.29 MJ/ kg DM. The left and right longissimus thoracis et lumborum muscles were 
sampled for the analyses of meat fatty acid, volatile compounds, and sensory quality. Rumenic (RA, 
c9,t11-18:2), linoleic (LA, 18:2n-6) acids and total omega (n)-6 polyunsaturated fatty acids (PUFA) were 
highest in the Meatmaster and Pedi than other breeds(P ≤ 0.05). Dohne Merino and Pedi had the greater 
(P ≤ 0.05) α-linolenic acid (ALA, 18:3n-3), total n-3 PUFA and total PUFA than the other breeds. For 
volatile compounds, Dohne Merino had the greatest concentrations of acids and alcohols and lowest 
concentrations of esters (P ≤ 0.05). Relative to other breeds, Dohne Merino, Dorper and Merino had 
greatest proportions of aldehydes (P ≤ 0.05). Dohne Merino and Merino had slightly (P ≤ 0.05) tender 
and juicier meat than Damara and Dorper. In conclusion, Pedi had the most desirable meat fatty acid 
profile while Dohne Merino the highest proportions of volatile compounds and the Merinos had 
somewhat tender and juicier meat relative to other breeds. Feedlot production of indigenous breeds in 
the arid and semiarid areas may be recommended in order to promote lean meat with the desired fatty 
acid composition.”  
 





Consumer acceptance and preference of lamb meat is frequently affected by its nutritional quality 
and sensory properties, and this varies across cultures, countries and/or regions (Oltra et al., 2015; Frank 
et al., 2016). Meat aroma, flavour and mouthfeel are all significant aspects of eating quality, and they 
determine consumer decisiveness on consumption (Neethling et al., 2016; Del Bianco et al., 2021). The 
aroma and slight serum-like taste of raw meat are characterized as salted, metallic, and bloody with a 
sweet flavor (Karabagias, 2018). The profile and quantity of volatile compounds of raw meat is released 
upon heat treatment (i.e., cooking, roasting, grilling), and this gives meat its distinctive flavour. Overall, 
volatile compounds are key in meat sensory attributes and are considered as oxidative stability indicators 
(Luo et al., 2019).  
Intramuscular fat, which is composed of structural lipids containing polyunsaturated fatty acids 
(PUFA) in varying amount, affects the eating quality of meat (Sanudo et al., 2000). Meat fatty acids 
composition influences volatile compounds, which subsequently affects aroma and flavour development 
(Webb et al., 1994; Wood et al., 2003, Wood et al., 2008).“ Saturated and unsaturated fatty acids yield a 
range of flavor compounds. (Wood & Enser, 1997). The compounds, 4-ethyloctanoic acid, 4-
methylnonanoic acid and 4-methyloctanoic acid are the key contributors to lamb and mutton's specific 
flavor attributes (Tatum et al., 2014; Young et al., 1997).”There were numerous similarities amongst 
sheep breeds in terms of flavor qualities, but the perceived intensity of flavor was different due to the 
volatile compounds content in the meat (Cloete et al., 2012; Hoffman et al., 2003). Meat volatile 
compound profile depends on the degree of fatty acid saturation with meat having higher proportions of 
α-linolenic acid (ALA, 18:3n-3) releasing compounds such as 1-penten-3-ol and 2-ethyl-furan in contrast 





Inherent factors such as genotype and breed influence water and feed intake (Schoeman & Visser, 
1995; Mupfiga, 2021), nutrient utilisation (Wilkes et al., 2012; Mupfiga, 2021), growth and carcass 
attributes (Mupfiga, 2021; Burger et al., 2013; Van der Merwe et al., 2020a), meat physicochemical 
quality (Chapter 3; Almeida et al., 2013; Cloete & Olivier, 2010) and its appeal to producers, processors, 
and consumers (Hoffman et al., 2003). Though pure indigenous breeds generally have inferior carcass 
and economic returns (Mupfiga, 2021; Burger et al., 2013; Van der Merwe et al., 2020a), they have 
lower water requirements (Mupfiga, 2021; Schoeman & Visser, 1995) and comparable meat 
physicochemical quality attributes (Chapter 3; Almeida et al., 2013; Cloete & Olivier, 2010; Van der 
Merwe et al., 2020b) compared to exotic breeds. Breed variances in the meat fatty acid content have been 
observed in numerous studies (Wachira et al., 2002; Tshabalala et al., 2003; Yousefi et al., 2012; Belhaj 
et al., 2020). According to previous studies, fatty acid components of meat from Damara, Dorper, and 
Merino breeds differed significantly (Tshabalala et al., 2003; Alves et al., 2013; Van Harten et al., 2016). 
Overall, there is limited research comparing fatty acid content, volatile profiles, as well as sensory 
qualities of South African lamb meat from sheep breeds raised under feedlot conditions.  
Consumer markets in water-scarce countries are increasingly placing a premium on positive 
environmental profiles of animal products, and water foot printing is becoming an important animal 
product differentiation tool in those markets (Zonderland-Thomassen et al., 2014; Chikwanha et al., 
2021). It is, therefore, essential that producers are provided with comprehensive meat quality profiles of 
different breeds. This could enable them to make insightful comparisons, understand the potential for 
reducing their water footprint, and potentially achieve a comparative advantage over products with high 
water footprint. The objective of this study was, therefore, to compare meat fatty acid composition, 
volatile compounds, and sensory quality of indigenous (Damara and Pedi), composite (Meatmaster, 





4.2 Materials and Methods 
4.2.1 Ethical approval and study site 
The ethical approval and study site was discussed in Chapter 3 (Section 3.2.1). 
 
4.2.2 Experimental design and animal management 
Experimental design and animal care were discussed in Chapter 3. (Section 3.2.2). 
 
4.2.3. Slaughter procedures 
The methods of slaughter and carcass measures were the same as described in Chapter 3 (Section 
3.2.3). 
 
4.2.4. Meat sample 
The LTL muscles were excised from the cold carcass on the left and right sides. The left LTL 
muscle was cut into longissimus thoracis (LT) and longissimus lumborum (LL), vacuum-sealed then 
stored at -20 °C for the training and testing process of Descriptive Sensory Analysis (DSA), respectively. 
A 20 g sample of the LL was sub-sampled from the right LTL muscle, vacuum-sealed and frozen at -80 
°C for each of the analysis of the fatty acid profile and volatile compounds. 
 
4.2.5 Analysis of intramuscular fatty acids composition 
Extraction of intramuscular lipids was performed on meat samples using a mixture of chloroform–
methanol (2:1, v/v) method of Folch et al. (1957). The trans methylation was conducted as described 
Sukhija and Palmquist (1988) with modifications reported by Jenkins (2010). A 10 mg aliquot of the 
extracted muscle lipids was methylated separately using 2 ml of 0.5 N sodium methoxide and 3 ml of 




Prior to addition of methylating reagents, 1 mg of c-10-heptadecenoic acid (c10–17:1) methyl ester/ml 
toluene was used as an internal standard (standard no. U-42 M form Nu-Check Prep Inc., Elysian, MN, 
USA). All the fatty acid methyl esters (FAME) were examined on a GC-MS system using a 175 °C 
temperature program.  
FAME separation was carried out using an Agilent technologies network gas chromatograph 
(6890N) coupled to an Agilent technologies inert XL EI/CI mass selective detector (MSD) (5975B, 
Agilent technologies Inc., Palo Alto, CA) utilizing a Restek RT-2560 capillary column (100 m, 0.25 mm 
ID, 0.2 m film thickness equipped with a CTC Analytics PAL autosampler. The mass spectrometer was 
operated in electron impact mode with a scan range of 35 to 500 m/z and an ionization energy of 70 eV. 
Helium was used as the carrier gas at a flow rate of 1 ml/min. The oven temperature was set as follows: 
initial temp at 45 °C for 4 min and then ramped at a rate of 13 °C/min until 175 °C and held for 27 min 
and finally ramped at a rate of 4 °C/min until 215 °C and held for 35 min. The total run time was 86 
minutes. For the identification of FAME by GC, the reference standard no. GLC 463 (Nu-Check Prep 
Inc., Elysian, MN, USA) was used. For conjugated linoleic acid (CLA) isomers, the reference standard 
UC-59M (Nu-Check Prep Inc., Elysian, MN, USA), which contains all four positional conjugated 
linoleic acid (CLA) isomers was used. The FAME were quantified using chromatographic peak area and 
internal standard based calculations (Vahmani et al., 2017). Only FAME representing > 0.1% of total 
FAME were included in the results. 
 
4.2.6 Analysis of volatile compounds using SPME-GC-MS 
Meat sample (2 g) was weighed and placed in a 15 ml solid-phase microextraction (SPME) 
headspace vials. Internal standard (50 μl), (i.e., anisole) was added to each sample prior to trap. A 
polytetrafluoroethylene (PTFE, Teflon®)/silicone septa and a steel cap were used to seal the vial. 




(CTC, Switzerland). A fibre (conditioned by heating in a gas chromatograph injection port at 270 °C for 
60 minutes) was injected into the headspace above the sample and held for 10 minutes coated with a 
50/30 m layer of divinylbenzene/carboxen/polydimethylsiloxane (DVB/CAR/PDMS) (with agitation). 
The autosampler then retracted the fibre into the needle and inserted it into the injection port of an Agilent 
6890 N (Agilent Technologies, Palo Alto, CA, USA) gas chromatograph (GC) equipped with a 5975B 
mass spectrometer (MS) (Agilent Technologies). The SPME fiber was desorbed and kept at 250 °C for 
ten minutes in the injection port. To avoid cross-contamination, the fiber was placed in a fiber 
conditioning station for 15 minutes between tests. The injection port was operated in a pulsed split-less 
configuration (300 kPa). A DB-FFAP capillary column (60 m, 0.25 mm internal diameter, 0.5 m film 
thickness) was used to separate volatile chemicals. The oven temperature was originally maintained at 
70 °C for 1 minute, then increased to 142 °C at a rate of 3 °C per minute, then increased to 240 °C at a 
rate of 5 °C per minute and maintained at 240 °C for 3 minutes. The total time required to run each 
sample was 48 minutes. The carrier gas was helium at a steady flow rate of 1.9 ml per minute. The 
transfer line was kept at a temperature of 280 °C. The mass spectra were acquired using a mass selective 
detector operating at 70 eV in full scan mode (35-450 m/z), with the ion source and quadrupole 
temperatures maintained at 240 °C and 150 °C, respectively. To identify compounds, their mass spectra 
were compared to those in the NIST05 (National Institute of Standards and Technology, Gaithersburg) 
and Wiley (275) libraries. The presence of volatiles was determined by comparing retention indices (RI) 
to previously published RI values. The volatiles' approximate concentrations were determined by 
comparing their peak areas to those of the n-alkane internal standard obtained from the total ion 
chromatograms, and the retention index formula for the chemical to be tested is as follows: 
RI = 100 [
Tx −  Ty
Tz − Ty
+ N] 
where RI is the retention index of the compound of interest; N is the carbon number of the alkane eluting 




time of the alkane eluting before compound of interest; Tz is the retention time of alkane eluting after 
compound of interest (North et al., 2019). 
 
4.2.7 Descriptive sensory analyses 
4.2.7.1 Sample preparation 
The right LT was used for training the panel (8 sessions) and LL for the test phase (8 sessions). 
The training samples were thawed overnight at ±4 °C for cooking at 08:00 and 09:00 the next day. 
Subcutaneous fat was removed from each loin. The loins were weighed before and after cooking to 
determine the cooking loss. No seasonings were added to the samples. Individual loins were placed in 
oven roasting bags (GLAD® Medium, 250 mm 400 mm; Woolworths, Stellenbosch, South Africa). A 
thermocouple probe was put into the center of each loin and connected to a handheld digital temperature 
monitor (Hanna Instruments, Bellville, South Africa) (AMSA, 2015). The loins were cooked in a Hobart 
oven at 160 °C until they arrived a temperature of 70 °C. When the temperature reaches 70 °C, the cooked 
meat was removed and left to cool for 15 minutes (in roasting bags). After cooling, the roasts were taken 
from the roasting bags, patted dry, and weighed before serving. To minimize variation among the cubes, 
the roasts' exterior portions (browned meat surface) were removed and only the inside portions evaluated. 
Cuboids of cooked meat were cut (1.0 cm thick). Each cube was covered with aluminum foil and put in 
a glass ramekin (three cubes per ramekin). The ramekins were then cooked in the oven at 70 °C (AMSA, 
1995). The samples were served in 3-digit random-coded glass ramekins, covered with petri-dish lids, 
and put in mugs (half filled with warm water) standing in a 70 °C water bath (AMSA, 1995). 
4.2.7.2 Sensory analysis 
A 10-member trained panellists (nine females and one male, between the ages of 26 and 69 years) 
with previous experience in the descriptive sensory analysis (DSA) of lamb. Panel members completed 




trained on the samples and how to differentiate and identify sensory descriptors, as described by Lawless 
& Heymann (2010). The sensory attributes and references standards consisted of aroma, flavour, texture, 
and fatty mouthfeel (Table 2) were used to calibrate panellist on a 100-point line scale. Six samples, one 
sample per LL, were presented in a random order to each panellist per session. Each set of six samples 
was evaluated in all sensory attributes on the same day with a rest-period of 15 min between each test 
session. The 48 samples were tested during 8 sessions over a period of 4 days. Unsalted water biscuits 
(Woolworths, Stellenbosch, South Africa), Fuji apple slices (12 slices per apple) (Woolworths, 
Stellenbosch, South Africa) and distilled water (21 °C) were used as palate cleansers between samples. 
The panellists were positioned at each tasting cubicle fitted with a computer running the Compusense® 
five software program (Compusense, Guelph, Canada) in a temperature (21 °C) and light-controlled room 
(AMSA, 1995). The Compusense® five software application was used to rate the intensity of attributes 




“Table 4.1: Reference standards, definitions and scales of final aroma, flavour and textural attributes used in descriptive sensory analysis of South African    
lamb meat 
Aroma attributes Attribute description Reference standard used 
0=None, 100=Prominent   
Lamb meat Aroma associated with a roasted feedlot lamb meat Lamb S = 60; Lamb = 70-80 
Lamb fat Aroma associated with roasted feedlot lamb fat Lamb S = 30; Lamb 40; Lamb fat = 80-90 
Savoury broth aroma Aromatics associated with salty, meaty and brothy characteristics Lamb = 10-20; Lamb W/S = 40; Sav B = 70 
Sweet-associated aroma Aroma associated with the browning on the surface of cooked meat 
(Maillard reaction products) 
Liver = 20; Lamb = 30; Sw-A (roasted) = 40; Lamb 
fat = 50 
Liver-like aroma Aromatics associated with pan fried beef ox liver Liver = 80 
Metallic aroma Aromatics associated with blood on cooked Ostrich rump steak; closely 
related to metallic aromatic 
Metal = 30; Liver = 30 
Herbaceous Aromatics associated with fresh herbs (i.e., rosemary/ thyme/ coriander/ 
sage) 
 
Rancid Aromatics commonly associated with oxidized fat and oils; may include 
cardboard, painty, varnish, and fishy 
 
Barnyard/Kraal Aromatics associated with livestock Lamb fat = 10 
Flavour attributes Attribute description Reference standard used 
0=None, 100=Prominent   
Lamb meat flavour Amount of roasted feedlot lamb meat flavour identity in the sample Lamb fat = 30-40; Lamb S = 70; Lamb = 70 
Lamb fat flavour Flavour associated with roasted feedlot lamb fat Lamb = 20; Lamb fat = 90 
Savoury broth flavour Flavour associated with salty, meaty and brothy characteristics  
Salty taste Fundamental taste factor of which sodium chloride is typical Lamb W/S = 15; Chew = 30; Lamb S = 30; TE = 40 
Sweet-associated flavour Combination of sweet taste and sweet flavour; the flavour associated with 
the impression of sweet 
Lamb fat = 10; Liver = 20; Lamb = 30; SW-A 
(roasted) = 40 
Liver-like flavour Flavour associated with pan fried beef ox liver Liver = 80 
Metallic flavour Flavour associated with cooked Ostrich rump steak or a blood-like taste. Liver = 20; Metal = 50 
Barnyard/Kraal Flavour of white pepper in water associated with livestock Lamb fat = 10 
Herbaceous Flavour associated with fresh herbs (i.e., rosemary/ thyme/ coriander/ 
sage) 
 
Rancid flavour Flavour commonly associated with oxidised fat and oils; may include 
cardboard, painty, varnish, and fishy 
 
Texture attributes Attribute description Reference standard used 
Sustained juiciness (0= 
Extremely dry, 100 = Extremely 
juicy) 
The impression of juiciness after 5 chews using the molar teeth  Liver = 20-30; Lamb S = 40; Lamb W/S = 40; Metal 
= 50; Lamb = 50-60 
Mealiness (0 = None, 100 = 
Abundant) 
Disintegration of muscle fibres into very small particles during the first 
10 chews. 
(Texture associated with over-matured meat) 
Lamb = 20; Liver = 40; TE = 70; Meal 1 = 70; Meal 




Table 4.1 was adapted and modified from American Meat Science Association (2015); Pan fried (medium heat, setting 4 – spray & cook in pan) deboned lamb loin chops (±1.5 cm thick) 
(superspar, Belhar S.A) for 5–10 min on regular turning - browned edges removed = Lamb; Pan fried (medium heat, setting 4 – spray & cook in pan) deboned lamb loin chops (±1,5 cm 
thick) (Superspar, Belhar, S.A)  with fat for 5–10 min on regular turning - mostly fat pieces = Lamb fat; Pan fried (medium heat, setting 4 – spray & cook in pan) deboned lamb loin chops 
(Superspar, Belhar S.A) (±1,5 cm thick) (pinch of salt (0.50g) sprinkled on each chop) for 5–10 min on regular turning = Lamb S (Lamb with salt); Pan fried (medium heat, setting 4 – spray 
& cook in pan) deboned lamb loin chops (Super-spar, Belhar S.A) (±1,5 cm thick) (without salt sprinkled on it) for 5–10 min on regular turning = Lamb W/S (Lamb without salt); Pan fried 
(medium heat, setting 4 – spray & cook in pan) deboned lamb loin chops (Super-spar, Belhar S.A) (±1,5 cm thick) with fat for 15 min = SW-A (Sweet associated); Pan fried (medium heat, 
setting 4 – spray & cook in pan) Ostrich rump steak (Woolworths, Stellenbosch, S.A) (± 4 cm cubes) for 25 min on regular turning (brown internal meat colour) - browned edges removed = 
Metal; Pan fried (medium heat, setting 4 – spray & cook in pan) Ox liver (Woolworths, Stellenbosch, S.A) for 5 min on regular turning = Liver; Boneless commercial chicken fillets 
(Checkers, Stellenbosch, S.A) roasted to 80°C internal temperature = Meal (mealiness) 1; Boneless commercial chicken fillets (Checkers, Stellenbosch, S.A) roasted to 90°C internal 
temperature = Meal 2; Oven roasted, butter basted, boneless chicken fillets, (Woolworths, Stellenbosch, S.A) microwaved 2 min and reheated at 100°C for 8 min = TE (tenderness); Salami 
sticks (Woolworths, Stellenbosch, S.A) (0,5 cm diameter and 12 cm long) cut into 1 cm pieces = Chew (toughness); 5 ml of Bovril (Checkers, Stellenbosch, S.A) dissolved in 250 mL boiling 
water = Sav B (Savoury broth); Combination of herbs: 5g each of rosemary, thyme, sage, parsley (Superspar, Kuisriver, S.A) in 250 ml distilled water = Herbaceous;  Microwaved sunflower 
oil (Woolworths Holdings Limited, Stellenbosch, SA) for 3 min at high = Rancid; 0.25% sodium chloride (Checkers, Stellenbosch, S.A) solution by weighing 0.25 g of sodium chloride to 
50 ml of distilled water = Salt.” 
Tenderness  
0 = Extremely tough,                  
100 = Extremely tender 
Impression of tenderness after the first 5 chews using molar teeth. Chew = 20; Metal = 30; Lamb W/S = 40; Lamb = 
80; Lamb S = 80; Liver = 90; TE = 90 
Residue (0 = None, 100 = 
Abundant) 
Residual tissue remaining after mastication (difficult to chew through). 
Amount of residue left in mouth after 15 chews using molar teeth. 
Lamb = 10; Chew = 15; Lamb W/S = 30 
Fatty  mouthfeel (0 = None, 100 
= Abundant) 




4.2.8 “Statistical analysis 
The experimental design was a completely randomised design with six breeds as a main effect. 
All data was tested for normality using PROC UNIVARIATE SAS v. 9.4 (SAS Institute Inc., 2012) and 
outliers were excluded from the final analysis. Data on fatty acids and volatiles were analysed using 
General Linear Models (GLM) Procedure of SAS. The model used was: yjk = μ + bj + εjk, where yjk = the 
response obtained for the kth observation from the jth breed, μ = overall mean; bj = breed effect, εjk = 
random error associated with response on the kth observation on the jth breed. Data for sensory analysis 
was analysed using a GLIMMIX model of SAS v. 9.4 (SAS Institute Inc., 2012) with breed as main 
effect, and session and panellist as random effects. The Shapiro-Wilk test was used to assess the residuals 
for normalcy using PROC UNIVARIATE SAS 9.4 (SAS Institute Inc., Cary, North Carolina, USA). 
Data with a non-normal distribution were transformed using Box-Cox.”Tukey's test was used for multiple 
comparisons of treatment means. All the data were presented in least square means (LSMEANS). The 
significance threshold for all statistical analyses was set at P ≤ 0.05 and a tendency for treatment effect 
was observed at 0.05 < P ≤ 0.10.” 
4.3 Results 
4.3.1 Effect of breed on fatty acids in six South African lamb meat 
Table 4.2 shows the fatty acid profile of lamb meat from six South African sheep breeds. Lauric 
(12:0) and stearic (18:0) acids were the only SFA influenced by breed (P ≤ 0.05). Lauric acid was highest 
in the Damara and Pedi, with intermediate values for the Dorper, Meatmaster and Merino and the least 
reported for the Dohne Merino (P ≤ 0.05). Stearic acid proportion were highest in Damara, Dorper, 
Merino and Pedi (P ≤ 0.05) with no differences observed between the Merino, Pedi, Dohne Merino and 
the Meatmaster (P > 0.05). Cis-vaccenic acid (c11-18:1) was the only MUFA that was affected by breed 
with following trend being observed Pedi > Dorper > Damara = Meatmaster > Dohne Merino > Merino 




Breed influenced the proportions of rumenic acid (RA; c9,t11-18:2), linoleic acid (LA; 18:2 n-6) and 
arachidonic acid (AA; 20:4 n-6)] and total n-6 PUFA (P ≤ 0.05). Overall, the proportions of RA were 
highest in the Meatmaster and Pedi, and lowest in the Dohne Merino, Dorper and Merino (P ≤ 0.05). 
Linoleic acid proportions were highest for the Meatmaster and Pedi with intermediate values for the 
Damara and Dohne Merino and the lowest were observed for the Dorper and Merino (P ≤ 0.05). “Dohne 
Merino, Merino and Pedi had the highest percentage of AA preceded by Meatmaster and the least were 
in Damara and Dorper (P ≤ 0.05). The Meatmaster and Pedi had more (P ≤ 0.05) total n-6 PUFA than 
the other breeds. Alpha-linolenic acid (ALA; 18:3 n-3), docosapentaenoic acid (DPA; 22:5 n-3) and 
sheep breed had an effect on the total n-3 PUFA in the meat (P ≤ 0.05). The percentage of ALA was 
greater (P ≤ 0.05) in the Damara and Pedi than in the rest of the breeds. The Merinos had the highest 




Table 4.2: Effect of breed on fatty acid profile of six South African lamb meat 
Variable 
Breed 
SEM P value 
Damara Dohne Merino Dorper Meatmaster Merino Pedi 
12:0 0.38a 0.12c 0.28b 0.23b 0.29b 0.37a 0.043 0.0006 
14:0 3.75 3.81 3.63 3.58 3.82 3.65 0.117 0.6301 
16:0 23.5 24.3 25.5 24.7 25.0 22.8 0.838 0.2847 
17:0 1.00 1.05 1.26 1.03 0.97 1.14 0.075 0.0829 
18:0 17.5a 15.2b 17.1a 15.2b 16.0ab 16.7ab 0.406 0.0013 
∑SFA 46.2 44.8 47.8 44.7 45.8 44.7 0.878 0.1156 
c9-16:1 1.87 1.73 1.65 1.51 1.85 1.72 0.112 0.2906 
c9-18:1 41.3 42.2 41.3 42.6 43.1 42.0 0.774 0.5263 
c11-18:1 0.71ab 0.55c 0.79a 0.71ab 0.49c 0.84a 0.090 0.0475 
t10-18:1 2.87 2.84 2.56 3.15 2.88 2.71 0.298 0.8410 
t11-18:1 1.37 1.55 1.15 1.59 1.33 1.35 0.144 0.3309 
∑MUFA 48.1 48.9 47.5 49.6 49.7 48.6 0.835 0.4247 
c9,t11-18:2 0.81b 0.74bc 0.61bc 1.01a 0.67bc 0.90ab 0.087 0.0272 
18:2 n-6 2.02bc 1.84c 1.52d 2.54a 1.67cd 2.25ab 0.217 0.0272 
20:4 n-6 0.70c 0.84a 0.69c 0.76b 0.82a 0.85a 0.044 0.0458 
n-6 PUFA 2.72c 2.68c 2.22d 3.29a 2.48cd 3.12ab 0.218 0.0178 
18:3 n-3 1.12b 1.56a 1.03b 0.93b 0.98b 1.52a 0.159 0.0228 
20:5 n-3 0.67 0.67 0.70 0.56 0.55 0.63 0.068 0.5373 
22:5 n-3 0.49c 0.80a 0.65b 0.48c 0.74a 0.61b 0.074 0.0335 
n-3 PUFA 2.29b 3.02a 2.38b 1.98b 2.26b 2.79a 0.222 0.0260 
∑PUFA 5.81c 6.44ab 5.21d 6.29b 5.41cd 6.80a 0.402 0.0500 






4.3.2 Effect of breed on volatile compounds in six South African lamb meat 
The profile of volatile compounds found in the Damara, Dorper, Dohne Merino, Meatmaster, 
Merino and Pedi lamb meat is shown in Table 4.3. A sum of 47 volatile compounds were discovered and 
presented according to their chemical classes: alcohols (12), aldehydes (9), acids (2); esters (21); furan 
(1); ketone (1) and lactone (1). The proportions of hexanoic acid and total acids were influenced by breed 
in the order of Dohne Merino, Merino, Meatmaster, Damara and Pedi (P ≤ 0.05). Dohne Merino had the 
greatest concentrations of individual alcohols (1-pentanol, hexanol, cis-2-octenol, 1-octen-3-ol, 1-
octanol, trans-2-octenol and cis-2-octen-1-ol) and total alcohols (P ≤ 0.05). Regarding aldehydes, Dohne 
Merino, Dorper and Merino had greatest concentrations of heptanal, 5-ethyl-1-cyclopentene-1-
carbaldehyde, decanal, benzaldehyde and trans-2-decenal in comparison to the rest of the breeds (P ≤ 
0.05). However, total aldehydes were not affected by breed (P > 0.05). Esters were the most 
representative class of volatile compounds with Dohne Merino having higher proportions for methyl 
valerate, methyl caproate and methyl nonanoate, whilst the Pedi had the least methyl valerate, methyl 
caproate, ethyl caproate, methyl caprylate, methyl nonanoate, methyl caprate, allyl-2-ethylbutyrate (P ≤ 
0.05). However, ethyl laurate, methyl myristate, methyl pentadecanoate, methyl palmitate, methyl 
palmitelaidate, methyl palmitelaolate, methyl oleate and methyl linoleate were generally lower (P ≤ 0.05) 
for the Dohne Merino compared to the rest of the breeds. The identified furan (2-pentylfuran) and ketone 
(acetoin) were not influenced by breed (P > 0.05). The 4-Methyl-5-decanol, a lactone, followed the order 
of Dohne Merino > Merino > Dorper > Damara ≥ Meatmaster > Pedi.  
 
4.3.3 Effect of breed on sensory quality of six South African lamb meat 
Table 4.4 shows the effect of breed on the aroma, flavour, and textural attributes of six South 
African lamb meat. There was no significant difference in lamb aroma and flavor attributes between 




lamb liver flavor, followed by the Dorper, which did not differ from the Dohne Merino, Merino, and 
Pedi, which had intermediate values, with the least value observed for the Damara (P 0.05). Lamb meat 
from the Dohne Merino and Merino was more tender and juicier (P ≤ 0.05) and had greater (P ≤ 0.05) 














Damara Dohne Merino Dorper Meatmaster Merino Pedi 
Acids           
Hexanoic acid C6H12O2 25.65 2060.12 3.7 ± 0.73bc 7.0 ± 0.77a 4.5 ± 0.82bc 4.2 ± 0.73bc 5.6 ± 0.82bc 3.0 ± 0.82c 0.0086 
Nonanoic acid C9H18O2 30.18 1576.15 1.4 ± 0.35 2.4 ± 0.42 1.3 ± 0.42 1.2 ± 0.37 1.6 ± 0.42 1.0 ± 0.39 0.2325 
∑ Acids    5.1 ± 0.90bc 8.9 ± 0.95a 5.0 ± 0.95bc 5.3 ± 0.90bc 6.4 ± 0.95ab 4.0 ± 1.01c 0.015 
Alcohols           
1-Penten-3-ol C5H10O 11.18 1913.64 1.4 ± 0.28 1.5 ± 0.36 0.8 ± 0.3 0.6 ± 0.30 1.1 ± 0.36 1.0 ± 0.31 0.3425 
1-Pentanol C5H12O 13.81 2312.12 4.1 ± 0.73bc 7.54± 0.74a 4.5 ± 0.77bc 3.4 ± 0.78c 5.9 ± 0.83bc 3.3 ± 0.71c 0.0031 
Hexanol C6H14O 16.38 2213.79 7.0 ± 1.50c 17.0 ± 1.71a 7.5 ± 1.71c 5.4 ± 1.50c 12.7 ± 1.71b 7.2 ± 1.60c <0.0001 
Cis-2-Octenol C8H16O 17.95 2000.83 1.7 ± 0.34ab 3.2 ± 0.48a 1.3 ± 0.40b 1.7 ± 0.34ab 2. ± 0.43ab 1.4 ± 0.38ab 0.049 
1-Octen-3-ol C8H16O 18.46 2043.33 15.1 ± 2.76bc 28.4 ± 2.91a 16.7 ± 2.9bc 13.2 ± 2.76c 21.7 ± 3.30b 13.9 ± 3.09c 0.0041 
Heptanol C7H16O 18.53 1863.64 3.8 ± 0.71 6.7 ± 0.86 4.5 ± 0.75 3.8 ± 0.67 5.7 ± 0.86 3.8 ± 0.748 0.051 
1-Octanol C8H18O 20.48 2211.67 3.2 ± 0.47b 5.4 ± 0.53a 2.6 ± 0.57b 2.9 ± 0.47b 4.1 ± 0.57ab 2.6 ± 0.53b 0.0029 
Trans-2-Octenol C8H16O 21.52 2298.33 4.6 ± 0.85ab 8.3 ± 0.95a 4.0 ± 1.95b 3.6 ± 0.85b 4.7 ± 1.09ab 3.5 ± 0.95b 0.0082 
Cis-2-Octen-1-ol C8H16O 21.51 2297.5 4.2 ± 0.71ab 7.4 ± 0.85a 2.8 ± 0.85b 3.4 ± 0.71b 4.6 ± 0.91ab 3.3 ± 0.79b 0.0053 
1-Nonanol C9H20O 22.26 1348.56 1.4 ± 0.26 2.1 ± 0.30 1.5 ± 0.27 1.2 ± 0.21 2.1 ± 0.27 1.5 ± 0.26 0.1543 
1-Pentanedecanol C15H32O 27.96 1555.43 2.9 ± 0.39 3.4 ± 0.44 3.3 ± 0.44 2.3 ± 0.39 3.3 ± 0.47 2.6 ± 0.44 0.3491 
Pentadecanol C15H32O 27.96 1555.43 2.8 ± 0.39 3.4 ± 0.44 3.2 ± 0.44 2.3 ± 0.39 3.3 ± 0.47 2.6 ± 0.44 0.3891 
∑ Alcohol    50.9 ± 7.21b 79.9 ± 7.60a 46.8 ± 7.60b 43.0± 7.21b 54.2 ± 7.60b 46.5 ± 8.06b 0.0146 
Aldehydes           
Hexanal C6H12O 7.34 1174.71 3.5 ± 1.02b 8.00 ± 1.44a 4.4 ± 1.14b 3.4 ± 1.02b 7.3 ± 1.14a 3.3 ± 1.14b 0.019 
Heptanal C7H14O 11.56 1335.61 2.2 ± 0.56ab 2.0 ± 0.80ab 3.3 ± 0.63ab 0.9 ± 0.59c 4.1 ± 0.73a 1.4 ± 0.63bc 0.0155 
Octanal C8H16O 14.71 1730.83 3.1 ± 0.60 5.2 ± 0.84 3.3 ± 0.67 2.5 ± 0.63 3.6 ± 0.67 2.6 ± 0.67 0.1647 
Cis-Hept-2-enal C7 H12O 15.58 1640.15 1.6 ± 0.38b 3.5 ± 0.49a 1.5 ± 0.43b 1.6 ± 0.38b 2.2 ± 0.46ab 1.3 ± 0.43b 0.019 
Nonanal C9H18O 17.23 1204.02 4.01 ± 0.95 7.5 ± 1.14 4.4 ± 1.06 4.0 ± 1.0 4.4 ± 1.1 3.1 ± 1.06 0.1121 
5-Ethyl-1-cyclopentene-1-  
caraldehyde 
C8H12O 17.56 1968.33 1.0 ± 0.24ab 2.1 ± 0.29a 1.1± 0.26ab 0.7 ± 0.24b 1.5 ± 0.29ab 1.0 ± 0.27ab 0.0199 
Decanal C10H20O 19.38 1151.03 2.3 ± 0.22b 3.3 ± 0.22a 2.5 ± 0.22ab 2.5 ± 0.22ab 2.9 ± 0.24ab 2.5 ± 0.23ab 0.032 
Benzaldehyde C7H6O 19.86 1964.39 5.2 ± 0.77b 8.8 ± 0.92a 6.6 ± 0.81ab 3.9 ± 0.77b 7.1 ± 0.99ab 3.2 ± 0.86b 0.0004 
Trans-2-decenal C10H18O 21.97 1192.08 1.2 ± 0.2445b 2.5 ± 0.26a 1.5 ± 0.26ab 1.4 ± 0.25b 2.1 ± 0.29ab 1.1 ± 0.27b 0.0021 
∑ Aldehydes    68.2 ± 9.80 68.1 ± 10.33 53.6 ± 10.3 43.9 ± 9.80 49.7 ± 10.33 44.7 ± 10.96 0.3347 
Esters           




Methyl caproate C7H14O2 11.7 1346.21 14.6 ± 4.55bc 29.2 ± 4.80a 24.9 ± 4.80a 12.3 ± 4.55bc 19.0 ± 4.80ab 8.1 ± 5.09c 0.031 
Ethyl caproate C8H16O2 11.71 1480.83 16.9 ± 1.98bc 27.5 ± 2.37a 16.5 ± 2.22bc 18.3 ± 1.98b 23.0 ± 2.22ab 13.6 ± 2.22c 0.0011 
Vinyl caproate C8H14O2 15.64 1817.5 4.5 ± 1.03b 8.6 ± 1.33a 4.8 ± 1.23b 3.8 ± 1.08b 7.0 ± 1.23a 3.4 ± 1.23b 0.0408 
Methyl caprylate C9H18O2 15.75 1201.72 19.2 ± 2.94b 19.8 ± 3.10b 16.2 ± 3.10b 23.1 ± 2.94b 30.3 ± 3.10a 14.8 ± 3.3b 0.0143 
Methyl nonanoate C10H20O2 17.15 1149.13 11.9 ± 1.18ab 16.2 ± 1.24a 12.4 ± 1.24ab 12.1 ± 1.24ab 14.7 ± 1.41a 8.3± 1.32bc 0.0023 
Methyl caprate C11H22O2 19.26 1217.04 23.7 ± 1.85b 21.8 ± 1.85b 21.4 ± 1.85b 28.8 ± 1.85a 28.6 ± 2.10a 19.4 ± 1.97b 0.0035 
Allyl-2-Ethylbutyrate C9H16O2 21.17 2329.17 4.4 ± 0.80b 7.1 ± 0.90a 4.2 ± 0.90b 2.9 ± 0.80bc 4.8 ± 1.04b 2.8 ± 0.90bc 0.0168 
Ethyl laurate C14H28O2 21.89 1503.07 11.3 ± 0.57a 8.5 ± 0.54b 9.7 ± 0.54ab 10.8 ± 0.57ab 10.9 ± 0.61ab 11.2 ± 0.57a 0.0048 
1-Butyl butyrate C8H16O2 24.6 2640 2.1 ± 0.27 3.1 ± 0.29 2.5 ± 0.29 2.5 ± 0.27 2.65 ± 0.31 2.5 ± 0.29 0.3143 
Heptyl butyrate C11H22O2 25.62 1286.85 1.7 ± 0.33 2.6 ± 0.33 2.5 ± 0.33 2.0 ± 0.35 2.4 ± 0.37 2.1 ± 0.37 0.3344 
Methyl myristate C15H30O2 25.84 1551.12 16.4 ± 1.20a 8.6 ± 1.20b 12.8 ± 1.98ab 16.3 ± 1.20a 14.1 ± 1.36a 14.5 ± 1.25a 0.0003 
Methyl myristoleate C15H28O 27.69 1555.43 2.6 ± 0.36 3.1 ± 0.40 3.0 ± 0.40 2.1 ± 0.36 2.8 ± 0.42 2.3 ± 0.40 0.3492 
Methyl pentadecanoate C16H32O2 27.96 1609.63 3.6 ± 0.25a 2.3 ± 0.25b 3.1 ± 0.25ab 3.6 ± 0.25a 3.0 ± 0.28ab 3.6 ± 0.27a 0.0024 
Methyl palmitate C17H34O2 29.12 1691.19 20.1 ± 1.68a 11.5 ± 1.68b 16.5 ± 1.68ab 21.6 ± 1.59a 16.4 ± 1.90ab 19.9 ± 1.78a 0.0013 
Methyl palmitelaidate C17H32O2 30.49 1696.51 6.0 ± 0.49a 3.2 ± 0.49b 4.7 ± 0.49ab 6.5 ± 0.46a 4.8 ± 0.55ab 5.7 ± 0.51a 0.0002 
Methyl palmitelaolate C17H32O2 30.84 1696.51 4.8 ± 0.37a 2.4 ± 0.37b 3.7 ± 0.37ab 4.9 ± 0.37a 3.9 ± 0.42ab 4.5 ± 0.39a 0.0002 
Methyl-9-heptadecanoate C18H36O2 30.84 1767.38 1.8 ± 0.23 1.3 ± 0.24 1.5 ± 0.24 1.9 ± 0.23 2.2 ± 0.24 1.6 ± 0.25 0.1786 
Methyl oleate C19H36O2 32.1 1833.01 8.5 ± 0.72a 4.2 ± 0.72b 6.9 ± 0.72ab 8.7 ± 0.72a 6.4 ± 0.82ab 8.5 ± 0.77a 0.0004 
Methyl linoleate C19H34O2 33.32 1846.94 3.5± 0.31a 1.6 ± 0.31b 2.4 ± 0.31ab 3.3 ± 0.30a 2.6 ± 0.33ab 3.5 ± 0.33a 0.0002 
Methyl ester C4H8O3 33.89 1547.90 11.8 ± 1.86 17.6 ± 2.08 15.2 ± 1.96 11.8 ± 1.96 16.8 ± 2.2 11.1 ± 2.08 0.108 
∑ Esters    182.1 ± 10.38 194.3 ± 10.94 185.7 ± 10.94 188.8 ± 10.38 186.2 ± 10.9 163.7 ± 11.61 0.519 
Ketones           
Acetoin C4H8O2 14.73 1302.04 44.3 ± 8.56 37.2 ± 9.03 26.8 ± 9.03 23.4 ± 8.56 21.8 ± 9.03 25.5 ± 9.57 0.4046 
Furan           
2-Pentylfuran C9H14O 13.05 1083.91 2.9 ±1.52 5.2 ± 2.04 7.0 ± 1.62 2.7 ± 1.45 3.7 ± 1.62 4.8 ± 1.62 0.4055 
Lactones           
4-Methyl-5-decanol C11H24O 22.07 1230.493 4.5 ± 0.81b 8.3± 0.86a 5.0 ± 0.86ab 4.5 ± 0.77b 5.8 ± 1.00ab 3.5 ± 0.86b 0.007 




Table 4.4 Effect of breed on the sensory quality of six South African lamb meat  
Variable 
Breed 
SEM P value 
Damara Dohne Merino Dorper Meatmaster Merino Pedi 
Aroma attributes         
Lamb meat 63.9 63.4 63.5 64.5 63.8 63.8 1.266 0.7831 
Lamb fat 21.9 21.3 21.7 22.3 21.9 21.7 0.520 0.0619 
Metallic 3.05 3.14 3.14 3.18 2.52 2.74 0.730 0.5488 
Herbaceous 9.04 9.38 8.98 9.88 9.28 8.96 0.945 0.1124 
Sweet-associated 22.1 21.6 21.7 22.0 21.9 21.7 0.543 0.3201 
Savoury broth 9.85 10.0 9.96 9.98 9.98 9.87 0.085 0.5107 
Barnyard kraal 3.35 3.73 2.96 3.66 2.75 3.27 0.795 0.1321 
Rancid 0.04 0.04 0.08 0.07 0.04 0.06 0.041 0.245 
Liver  0.15 0.15 0.26 0.18 0.06 0.07 0.097 0.4798 
Flavour attributes         
Lamb meat 62.4 62.4 61.07 63.0 62.7 61.7 1.270 0.2632 
Lamb fat 16.4 16.1 15.5 16.8 16.5 16.4 0.874 0.0957 
Metallic 2.97 2.70 2.62 2.75 2.73 3.22 0.662 0.7565 
Herbaceous 6.58 7.05 6.96 6.68 6.93 6.93 6.68 0.7031 
Sweet-associated 18.17 17.9 18.2 18.3 18.0 18.1 0.5155 0.6888 
Savoury broth 9.96 10.0 10.2 9.90 9.84 9.96 0.1074 0.1152 
Barnyard kraal 1.85 2.31 2.23 2.55 1.87 2.33 0.619 0.1722 
Rancid 0.06 0.08 0.06 0.09 0.06 0.06 0.048 0.7491 
Liver 0.13c 0.23bc 0.42b 0.93a 0.19bc 0.24bc 0.223 0.0016 
Salty taste 9.60 9.74 9.78 9.64 9.71 9.66 0.280 0.9282 
Texture attributes         
Tenderness 57.2b 64.8a 58.5b 60.9ab 64.2a 61.3ab 2.144 <0.0001 
Sustained juiciness 45.9b 49.1a 45.7b 47.6ab 49.3a 47.4ab 1.110 0.0020 
Mealiness 19.4 22.1 20.7 19.8 21.9 20.5 2.945 0.2239 
Residue 17.7a 14.5c 17.3a 15.2b 15.0b 16.4ab 1.425 0.0099 
Fatty mouth coating 5.24 5.24 5.33 5.41 5.15 5.19 0.788 0.9755 





 The observed breed differences in 18:0 SFA could be due to changes in rumen microbial activity 
(Maleki et al., 2015), and enzymes involved in de novo (in mammary epithelial cells) metabolism of 
18:0. The reason that the de novo FA synthesis in ruminants is related primarily to 14, 16 and 18 carbon 
FAs (Maleki et al., 2015). The heritability of these FAs is higher than that of long-chain FAs. Saatchi et 
al. (2013) supports that the observed breed differences in the percentage of 18:0 could be a result of 
genetics.”The majority of SFAs are produced de novo, whereas the majority of UFAs are derived from 
the diet and stored body fat. The lower percentage of c11-18:1 in Dohne Merino and Merino could be 
partly attributed to genetics and the reduced metabolism of rumen microbes (e.g., Fusocillus spp.) 
responsible for isomerisation of some trans 18:1 isomer to either its adjacent positional isomers and to 
the isomer with the opposite geometric configuration (Kemp et al., 1984).  
 The differences observed in the RA proportions across breeds could be largely related to differences 
in Δ9-desaturase activity. The current study, therefore, supports breed-specific regulation of Δ9-
desaturase activity hypothesis (Garnsworthy et. al., 2010). The lower proportion of RA observed for 
Dorper lambs might have been caused by rumen bacteria that favours production of propionic acid, 
instead of processes that promote production of t11-18:1 (precursor of RA) largely through LA 
biohydrogenation (Mierlita et al., 2011). This is true for breeds with higher genetic growth potential for 
meat production, favouring propionic acid production by rumen microbes, which is specific to tissue 
synthesis ( Mierlita et al., 2009; Mierlita et al., 2011). The proportion of RA observed in this study 
corresponded with the values reported for lambs by Cadavez et al. (2020) and D’Alessandro et al. (2015) 
and were within the recommended range 0.5 – 1.5% (Chikwanha et al., 2018; Jaturasitha et al., 2016). 
The human health benefits of RA have been documented (den Hartigh, 2019; Chikwanha et al., 2018; 




The finding that Pedi meat had the highest LA, ALA and total PUFA proportions was expected given 
that since it is a lean type of meat with less IMF (Chapter 3). Overall, the observed differences in 
individual and total PUFA may also reflect genetic variation across breeds. Barceló-Coblijn and Murphy 
(2009), suggest that different genetic control mechanisms for fatty acid chain elongation and desaturation 
exist, which may account also for breed-dependent control mechanisms for FA incorporation of long-
chain PUFA. “Linoleic acid and ALA percentage recorded in the current study agree with other studies 
(Cadavez et al., 2020; D’Alessandro et al., 2015). However, they are lesser than average percentages 
found for Bergamasca, Italian Merino and Sopravissana lamb breeds (Budimir et al., 2020). Overall, LA 
and ALA are the most studied PUFA precursors of odour-active compounds (Elmore et al., 2002). The 
oxidation of fatty acid components of lipids yields a number of volatile compounds. (Mottram, 1998; 
Song et al., 2011), which contributes fatty aroma in cooked meat at low percentage and rancid, painty or 
other unpleasant flavour at high percentage (Mottram, 1998; Song et al., 2011).”  
 Dohne Merino had the highest concentrations of alcoholic volatile compounds. Similar breed 
differences in alcohols have been reported previously (Zhang et al., 2020; Del Bianco et al., 2021). 1-
octen-3-ol that was dominant in Dohne Merino is an oxidation product of LA and AA (Mariutti and 
Bragagnolo, 2017) of the latter was also found in high proportions in this breed.  Concentration of 1-
octen-3-ol was, however, higher than the expected odour threshold of 1 ng/g (Karabagias, 2018). 1-octen-
3-ol contributes to meat flavour and has a mushroom, rust-like grassy odour even at lower concentrations 
(Calkins and Hodgen, 2007). In a previous study, 1-octanol was strongly an odour linked to rancid lamb 
meatt (Ortuño et al., 2016). The greater proportions 1-hexanol and 1-pentanol in Dohne Merino were 
expected due to the high proportions of observed n-3 PUFA in this breed, which are more susceptible to 
oxidation (Domínguez et al., 2019). Derivation of 1-hexanol (herbal-fatty odour) and 1-pentanol 
(pleasant- sweet or fruity odour) is from the decomposition of homologous aldehydes all through lipid 




ng/g, respectively (Karabagias, 2018). Although alcohols have higher odour threshold and greater 
influence on consumer olfactory perception, their influence to volatile flavour is lower than aldehydes 
(Calkins and Hodgen, 2007). 
 Greater concentration of benzaldehyde observed in Dohne Merino is consistent with the higher 
proportions of its precursor, ALA found for the same breed (Zhang et al., 2020). Overall, breed 
differences in aldehyde levels in the present study could be associated to the oxidation state, rancid aroma 
intensity, Strecker degradation and microbial metabolism of amino acids (Echegaray et al., 2021; Flores, 
2018; Vasta et al., 2011). Breed has been reported to influence lamb muscle amino acid profiles and 
differences in microorganisms associated with the production of aldehydes (Zhang et al., 2020; 
Hernandez-Sanabria et al., 2013). Differences between breeds is consistent with earlier findings. (Elmore 
et al., 2000; Zhang et al., 2020), which related the high presence of aldehydes in the lambs with the high 
LA. However, the observation that aldehydes were the third most abundant volatiles in the current study 
contrasts with previous studies on lamb meat (Karabagias, 2018; Zhang et al., 2020; Del Bianco et al., 
2021). Despite that, aldehydes have lower thresholds, and serve as intermediates in the formation of other 
flavour compounds and are critical in the overall flavour of lamb meat (Elmore et al., 2005; Resconi et 
al., 2013; Roldan et al., 2015).  
 The variation in individual esters may also be of genetic origin. Esters in general are generated from 
the esterification of alcohols as well as carboxylic acids in meat (Song et al., 2011). The total number of 
esters detected in this study was significantly smaller than that found by other scientists (Del Bianco et 
al., 2020; Ortuo et al., 2016) or did not exist at all (Vasta et al., 2010, Zhang et al., 2020). It is possible 
that the aroma of lamb meat will not be enhanced by esters because of their low odour thresholds 
(Gravador et al., 2015, Resconi et al., 2010). The observation that Meatmaster tended to have a lamb fat 
aroma could be related high LA proportions (Erasmus et al., 2016).“The observed breed differences in 




octen-3-ol, and nonanal (Calkins & Hodgen, 2007; Geldenhuys et al., 2014; North & Hoffman 2015). 
However, liver-like flavour is a complex attribute that is affected by various fatty acids and volatile 
compounds (Yancey et al., 2006; Calkins & Hodgen, 2007; Geldenhuys et al., 2014; North & Hoffman 
2015; Insausti et al., 2021). Liver-like sensory attribute is often perceived as a negative property of meat 
which is usually not associated with lamb meat (Yancey et al., 2006; Stetzer et al., 2008),”and has a 
metallic flavour (Mendell et al., 1998).  
 The slightly higher tenderness and juiciness reported for Dohne Merino and Merino compared to 
Damara and Dorper corresponds to their lower residues scores. The observed differences in tenderness 
and sustained juiciness could have largely emanated from the variation in the IMF and cooking loss 
reported for these breeds. The degree of fatness affects meat tenderness either in two ways, that is, direct 
effect of the fat which is softer than lean and/or indirectly through reduced muscle fibre shortening (Priolo 
et al., 2002). Tenderness and juiciness of the meat are negatively correlated with cooking loss (Holman 
& Hopkins, 2021; Hopkins et al., 2006). 
 
4.7 Conclusions 
Relative to other breeds, Meatmaster and Pedi had the highest concentrations of RA, LA, and 
total n-6 PUFA, while Dohne Merino and the latter breed had the highest concentrations of ALA, “total 
n-3 PUFA and total PUFA. The Dohne Merino and Pedi had similar proportion of total n-3 PUFA but 
were the higher (P ≤ 0.05) in comparisons to the other breeds. Meat from Dohne Merino lambs had the 
greatest concentrations of alcohols and lowest concentrations of esters.”The Merinos and Dorper had 
higher concentrations of aldehydes than other breeds. Also, the Merinos had slightly higher tenderness 
and juiciness and somewhat lower residues than Damara and Dorper. It was concluded that Pedi had the 




(i.e., acids, alcohols, and aldehydes) and the Merinos had slightly tender and juicier meat relative to other 
breeds. 
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Chapter 5: General discussion, conclusions and recommendations 
5.1 General discussion 
In South Africa, sheep farming has potential to reduce household food insecurity and poverty. 
However, changes in weather conditions have become a major challenge influencing sheep growth and 
meat production abilities (Rust & Rust, 2013). As a possible solution to this agricultural challenge, 
investigating the potential of farming with adapted breeds is of utmost importance (FAO, 2003; 
OECD/FAO, 2012; Gerber et al., 2013; OECD/FAO, 2013; Montossi et al., 2013). Indigenous sheep 
breeds are adapted to the marginal environments characterised by pathogenic, heat, nutritional and water 
stresses (Almeida et al., 2013; Chedid et al., 2014; Cloete & Olivier, 2010; Schoeman & Visser, 1995). 
This is partly because of their inherent traits that allow them to employ behavioural, morphological, and 
physiological adaptation mechanisms in the face of harsh environmental challenges (Chedid et al., 2014; 
Chikwanha et al., 2021; Jaber et al., 2013). Though information on production efficiency of South 
African indigenous sheep is increasing, compressive meat quality profiles of these breeds are largely 
unknown. For this reason, this study aimed to compare physicochemical attributes, fatty acid 
composition, shelf-life, volatile compounds, and sensory attributes of meat from pure indigenous breeds 
(Pedi and Damara), indigenous composite breeds (Dorper and Meatmaster) and exotic composite breeds 
(Merino and Dohne Merino). 
Chapter 3 hypothesised that South African sheep breeds raised under hot-dry feedlot conditions 
produce meat with similar physicochemical attributes and shelf-life. It was found that Merinos had 
slightly higher ultimate pH than other breeds, which was similar with earlier findings (Greeff et al., 2008; 
Hopkins et al., 2011). Dohne Merino and Merino breeds are closely related, and both easily affected by 
pre-slaughter stress and subsequently lose a higher muscle glycogen than other breeds (Hopkins et al., 
2011). In contrast, the lower IMF for Pedi and Damara suggest that they deposit most of the fat in the 




breeds (Negussie et al., 2003; Van der Merwe et al., 2020). The low IMF observed for the Damara and 
Pedi could qualify them as ideal breeds for health-conscious consumers who prefer lean lamb meat. The 
slightly higher moisture and protein content reported for Merino and Pedi could be partly related to their 
lighter carcass weights relative to other breeds. Lighter carcasses tend to have more moisture and less 
protein than heavier carcasses (Kemp et al., 1976; Solomon et al., 1980). The variation in cooking loss 
is less important as various factors (i.e., size and shape of the cooked meat, heating rates and endpoint 
centre temperatures) influence this parameter (Chikwanha et al., 2019; Lopes et al., 2014). 
Damara and Merino meat had the highest antioxidant activities suggesting higher basal levels of 
intrinsic redox biomarkers, which protect the cells of these lambs from oxidative damage by reactive 
oxygen species (Bekhit “et al., 2013; Skaperda et al., 2021). The elevated meat lightness in Pedi meat on 
day 7 of retail display was probably associated with their high moisture content. The observation that 
Dohne Merino and Merino sheep had the highest lipid oxidation values correspond with high IMF, DPA 
and antioxidant activity reported for these breeds (Amaral et al., 2018; Domínguez et al., 2019; Zhang et 
al., 2020).” The lowest meat protein oxidation values on day 7 were noted for the Meatmaster followed 
by Dohne Merino. Overall, the varying IMF content and unsaturated fatty acid composition could be 
responsible for the observed breed differences in the protein oxidation (Soladoye et al., 2015).  
As a follow up, Chapter 4 hypothesised that fatty acid, volatile compound, and sensory profiles of 
meat from South African sheep breeds are similar. Overall, Meatmaster and Pedi had the highest 
proportions of RA, LA and total n-6 PUFA, while Dohne Merino and Pedi breed had the highest 
proportions of ALA and total n-3 PUFA and total PUFA. Overall, varying proportions of these fatty acids 
among the breeds might be attributed to genetic differences in rumen and tissue metabolism across breeds 
(Sinclair et al., 2005). Owing to their high RA, Meatmaster and Pedi could become more popular breeds 
in health-conscious societies. Dohne Merino had the highest concentrations of alcohols and aldehydes 




the sensory attributes of lamb except for liver-like flavour which was stroger in Meatmaster meat than 
the other breeds. The livery flavour could be associated with volatile compounds like hexanol, pentanol, 
1-octen-3-ol, hexanal and nonanal (Calkins & Hodgen, 2007). However, the impact of breed on the 
sensory tenderness and juiciness was somewhat higher in the Merinos compared to Damara and Dorper. 
These disparities were related to the IMF and cooking loss values reported for this current study.  
 
5.2 General conclusions 
It was found that Damara and Pedi meat had lower amounts of IMF with the Dohne Merino having 
the highest content compared to other breeds. Meat shelf life varied across breeds but was typically 
minimal. Merino and Dohne Merino lambs had the lowest moisture content of the six breeds. The Pedi 
lambs had the lowest levels of crude protein, whereas Merino and Damara lambs had the greatest levels. 
Meatmaster and Pedi had the highest percentage of RA, “LA and total n-6 PUFA, while Dohne Merino 
and the latter breed had the highest percentage of ALA and total n-3 PUFA” and total PUFA compared 
to other breeds. Lamb meat from Dohne Merino had the greatest concentrations of volatiles (i.e., acids 
and alcohols and aldehydes). The meat from the Merinos had slightly higher tenderness and juiciness 
and somewhat lower residues than Damara and Dorper. Overall, the current study showed that indigenous 
breeds raised under hot-dry feedlot conditions produce meat with similar keeping and eating attributes 
to exotic composite breeds, however, Pedi produced leaner meat with a more healthier fatty acid contents 
than other breeds.   
 
5.3 Recommendations 
Owing to indigenous composite breeds’ comparable carcass attributes, meat quality and superior 
feed and water utilisation efficiency than exotic breeds, they could be more suitable as feedlot breeds in 




superior feed and water utilisation efficiency than exotic breeds, the indigenous pure and composite 
breeds should be used in small-scale feedlots and smallholder farms under extreme hot-dry conditions. 
The meat industry is recommended to promote the use of these breeds sheep meat genetic resource as 
they could contribute to the production of lean healthy meat desired by health-conscious consumers while 
improving smallholder farming profitability and living standards of rural populations. In that regard, the 
feed and meat industry should collaborate with smallholder farmers to establish small-scale feedlots and 
promote production of indigenous breeds under hot-dry environmental conditions. Meat from indigenous 
breeds could be marketed as a lean healthy choice, for the health-conscious consumers. 
 
5.4 Future research 
Based on the current study, future research may focus on: 
1. Determining tolerance of indigenous breeds to water restriction for sustainable sheep meat 
production regions where water scarcity is becoming more severe.  
2. Evaluating the overlapping effects of heat, water and feed stress, considering that these factors 
are linked, and their impacts are increasing. 
3. Investigating meat quality of lesser-known indigenous breeds (Zulu, Swazi, Nguni, Ronderib 
Afrikaner and Hottentot) under hot-dry conditions, which is necessary for their promotion in 
feedlots and meat markets. 
4. Assess effects of post-mortem ageing on sensory profile of the meat from South African sheep 
breeds raised under hot-dry feedlot conditions. 
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